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Healthcare-Acquired Infections (HCAI) cause a major concern for patient's 
safety. A study showed the potential transfer routes, relating to the five 
moments of contact as described by the WHO, between a 
Chiropractor, a patient, and the Chiropractic treatment table. Other studies 
discovered concerning pathogens on Chiropractic treatment tables. The aim 
of this study was to test if a simulation of surface microbial transfer from 
Chiropractic treatment tables may be an effective educational tool to teach 
the importance of surface hygiene.  
Methods:  
All 26, 1st year interns during 2020 at the University of Johannesburg (UJ), 
participated in this study. A 20% GloGerm™ mixture was used as the 
microbial surrogate and applied only to the thoracoabdominal section of the 
Chiropractic treatment tables. Participants completed a pre-simulation 
survey. In pairs the participants performed the setup, of three specific 
manipulations after which the transfer of GloGerm™ was inspected under 
blacklights. A short informative presentation was given on general hygiene 
and microorganism transfer. Twenty-one (21) days later, participants were 
asked to complete a post-simulation questionnaire, relating to the pre-
simulation survey and their current Chiropractic treatment table surface 
hygiene practices. Seven weeks’ worth of Distell™ usage (the disinfectant 
used within the UJ Chiropractic clinic) was obtained for analysis, reflecting 
the hygiene practices of Chiropractic interns. 
Results:  
Comparison of the pre-simulation survey and the post-simulation 
questionnaire showed a significant trend change in hygiene practices and 
perceptions. Monitoring of Distell™ usage, demonstrated an increase of the 
average amount of Distell™ used per patient during the trial period. Primary, 




This study showed that a simulation technique may be an effective 
educational tool in demonstrating the importance of hygiene and 
sanitisation, supporting the “seeing is believing” concept. The results 
indicate that a simulation, used as an educational tool, does have the 
potential to alter a participant’s perception and understanding about 
hygiene, thus demanding the need for such educational training not just for 
all Chiropractic students but all health care students and practitioners to 
combat the spread of  not only CAI and HCAI but also potential pandemics 
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CHAPTER ONE – INTRODUCTION 
1.1 Introduction 
According to the World Health Organization (WHO), Healthcare-Acquired 
Infections (HCAI) cause a major concern for patient's safety. Five moments 
of contact where the possible transfer of microorganisms can occur between 
a Health Care Worker (HCW), a patient and the environment was described 
by Sax et al., (2007).These moments include: before touching a patient, 
before clean/aseptic procedures, after body fluid exposure/risk, after 
touching a patient, and after touching patient surroundings. Although these 
moments are more applicable to the hospital environment, Ramsden et al., 
(2019), showed that potential transfer routes, relating to the five 
moments of contact, for microorganism transmission, exist between a 
Chiropractor, a patient, and the Chiropractic treatment table. In recent 
years, studies performed at the University of Johannesburg (UJ) 
Chiropractic training clinic showed that there were pathogens of concern on 
the Chiropractic treatment tables. This may be a direct result of incorrect or 
inappropriate disinfection procedures and practices by the Chiropractic 
interns and staff (Kingham et al., 2019). Ramsden et al., (2019) used 
GloGerm™ as a surrogate for microorganisms and showed that the 
Chiropractic treatment table is one of the leading contributors to the possible 
spread of microorganisms. These microorganisms may contribute to HCAI 
as well as communicable diseases. This raises the question of whether 
simulation, the concept of “seeing is believing", could assist in improving the 
attitude of Chiropractic interns and HCW relating to Chiropractic treatment 
table surface hygiene and thus create better awareness of the need for 
proper surface hygiene and protocols, which may aid in the combat of the 
spread of HCAI. Many fluorescent-based simulations have been used 
throughout the medical profession to monitor and educate on hand hygiene 
(Mittal et al., 2011; Pan et al., 2014; Pope et al., 2014). It has been deemed 
by Secomb et al., (2012) that the use of simulation is an effective 
educational method that has been linked to improved competence and 
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compliance of HCW. Various authors have stated that simulation 
techniques lead to interactive learning and that simulation creates a risk-
free environment resulting in improved education and learning 
(O’Donoghue et al., 2016; Pope et al., 2014). Pan et al., (2014) 
demonstrated that a “seeing-is-believing” program can be successfully 
implemented to encourage HCW to improve hand hygiene practices and 
cultivate a hand hygiene health care environment. 
1.2  Aim of the study 
The aim of this study was to test the effectiveness of a simulation of 
microbial transfer from Chiropractic treatment table surfaces as an 
educational tool. The simulation was done with the use of a fluorescence 
application called GloGerm™ on Chiropractic treatment tables. Objectives 
included: to test the use of GloGerm™ as an educational tool with 
Chiropractic 1st year interns by means of a simulation, pre-intervention 
survey, and post-intervention questionnaire, and to determine if the 
participants better understand the need for proper hygiene to aid in the 
combat of the potential spread of disease. 
1.3  Possible benefits of the study 
This study may contribute to prove that the concept of “seeing is believing”, 
with the use of simulation, might be an effective tool to educate Chiropractic 
interns on the importance of general hygiene and Chiropractic treatment 
table surface hygiene. The results will be submitted for possible publication 
in a national or international journal and an abstract may be submitted to 
present the work at a national or international conference which may result 
in improved awareness of surface hygiene and development of 




CHAPTER TWO - LITERATURE REVIEW 
2.1 Chiropractic 
2.1.1 The Chiropractic health care profession 
Chiropractors are classified as primary health care physicians. They have 
the required diagnostic skills to diagnose and differentiate between health 
conditions that can be treated by them and between those that require 
referral. Primarily Chiropractors provide diagnosis and conservative 
treatment for neuromusculoskeletal disorders with related functional 
manifestations (Conditions & Treatment - Chiropractic Association Of 
South Africa, 2020). Currently in South Africa Chiropractors are registered 
with the Allied Health Professions Council (AHPCSA). A large emphasis is 
placed on manual manipulation techniques with the use of your hands 
(Chapman-Smith, 2008). In many circumstances, these manipulation 
techniques require the patients to remove some clothing items and lie 
down on a Chiropractic treatment table (Evans et al., 2009 (a)). Some 
other auxiliary therapies used by Chiropractors include (Ramsden et al., 
2019): 
• Manual soft tissue therapy 
• Dry needling 
• Muscle stimulation eg, Transcutaneous Electrical Nerve Stimulation 
(TENS) or Interferential current (IFC) 
• Ultrasound therapy 
• Corpuscle shockwave therapy 
The above-mentioned treatments allow for ample routes of pathogen 
transfer, however, the manipulation - requiring the use of a Chiropractic 
treatment table- remains the main mode of Chiropractic treatment. To 
establish transfer routes and develop an effective sanitisation protocol, it is 




2.1.2 Potential reservoirs for microorganisms within the Chiropractic 
Environment 
As mentioned in section 2.1.1,  there are many treatment modalities used 
within Chiropractic but the main treatment will always remain the 
manipulation, for this reason, this study focused on the transfer of 
simulation pathogens from the Chiropractic treatment table, as was shown 
by Ramsden et al., (2019). 
The Chiropractic treatment table is composed of various sections 
depending on the make and model. It is mainly divided into a headpiece, 
armrest, thoracic section, lumbar or pelvic section and a foot section as 
illustrated in Figure 2.1. Depending on the manufacturer and price range, 
Chiropractic treatment tables are covered with either non-porous vinyl 
upholstery or leather. According to Katsikogianni & Missirlis (2004) leather 
is considered a porous material and thus allows for more bacterial growth. 
 
Figure 2.1 Schematic diagram illustrating Chiropractic treatment table 
segments (Kingham et al., 2019) 
Many studies focus on the importance of hand hygiene but not much is 
mentioned about the potential of pathogen transfer between a Chiropractic 
doctor, patient, and Chiropractic treatment table. It seems that not many 
countries have a set guideline for Chiropractic treatment table sanitization 
(Evans et al., 2009 (b)). Hygiene practice is not a large focus among the 
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profession even though they are required to adhere to hygiene-related 
codes of practice (Perdijk et al., 2017). 
 
A study done by Puhl et al., (2011) showed that the Chiropractic treatment 
table is a source of pathogens. Bifero et al., (2006) identified pathogenic 
and non-pathogenic bacteria on Chiropractic treatment tables within a 
training institution. Perdijk et al., (2017) also found bacterial and fungal 
pathogens on Chiropractic treatment tables within a Chiropractic training 
clinic (Appendix L). Some of these pathogens might be a cause of numerous 
and potential serious diseases including: 
• E. coli – a bacteria that causes many common infections, including 
bacteraemia, cholangitis, enteric infections such as diarrhoea, 
urinary tract infection, meningitis and pneumonia. It is one of the 
main causes for both community-acquired and nosocomial urinary 
tract infections. Generally, this bacterium is transmitted via the 
faecal-oral route (Madappa & Go., 2020). 
• Brucella melitensis - a zoonotic infection, from sheep, caused by 
the bacterial genus Brucella. This species has a high pathogenicity, 
causing acute febrile illness with Neuropsychiatric symptom. 
Generally, this bacteria is transmitted from animals to humans by 
ingestion through infected food products (such as unpasteurised 
milk), direct contact with an infected animal, or inhalation of 
aerosols. (Elhasy et al., 2020). 
• Gardnerella vaginalis – this is a bacterium is considered both a 
nosocomial and community-acquired infection causing disease such 
as Bacterial vaginosis, a sexually transmitted infection (Muzny & 
Schwebke, 2016).  
• Staphylococcus aureus – this bacterium forms part of the normal 
microbiota in many individuals but it may also cause nosocomial and 
community-acquired infections including: bacteraemia, infective 
endocarditis, skin and soft tissue infections, gastroenteritis, 
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meningitis, toxic shock syndrome, and urinary tract infections. 
Staphylococcus aureus also form part of the ESKAPE pathogens 
(Taylor & Unakal, 2019). 
• Aspergillus Spp – a common fungus causing mycoses and 
aspergillosis. This fungus is generally transmitted via direc- or 
indirect contact or inhalation of the Aspergillus spores (Aspergillosis, 
2020). 
Ramsden et al., (2019) demonstrated that a Chiropractic treatment table is 
a leading contributor to the possible spread of microorganisms. Another 
study done at the UJ Chiropractic Clinic showed the presence of bacterial 
and fungal species on Chiropractic student’s hands (Wyer et al., 2017).  
Ramsden et al., (2019) also demonstrated that microorganisms can be 
transferred between a Chiropractic doctor’s hands, patient and the 
Chiropractic treatment table. Furthermore, they demonstrated that the 
headpiece and thoracic piece were mostly involved with the highest 
percentage of microbial transfer, whereas the arm pieces and the leg piece 
showed the least to no transfer. This coincides with the findings of Bifero et 
al., 2006 and Perdjik et al., (2017) who found pathogens such as 
Pseudomonas spp., Klebsiella spp., Enterobacter spp. and fungal 
pathogens such as Aspergillus spp., and Fusarium spp. on the headrests 
(facepiece) and thoraco-lumbar pieces (thoracic piece) of Chiropractic 
treatment tables. Kingham et al., (2019) tested the presence of pathogens 
on Chiropractic treatment tables within a Chiropractic teaching institution’s 
day clinic. They determined that the headpiece and the thoracoabdominal 
sections were mostly contaminated with microorganisms. 
 
According to McDonnell & Burke (2011) Spaulding is defined as the 
minimum level of disinfection required, according to the risk of infection a 
device pose. These levels are classified as critical, semi-critical and non-
critical. The non-critical devices require intermediate to low-level 
disinfection. These devices are described as devices that will only come into 
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contact with intact skin. Rutala and Webber (2019) list patient bed surfaces 
as an example of non-critical devices, therefore it can be assumed that the 
Chiropractic treatment table can be classified as a non-critical surface. 
Rutala and Webber (2019) stated that non-critical surfaces have not been 
directly implicated in the transmission of disease and that there are virtually 
no documented risks of transmitting infectious agents to a patient from non-
critical objects. They do however continue to say that these non-critical 
objects or surfaces may lead to secondary transmissions. According to 
Lopez et al., (2013) pathogens can be transmitted from inanimate objects 
and cause cross-contamination either directly by surface-to-mouth, or 
indirectly, by contamination of fingers with subsequent hand-to-mouth or 
hand-to-eye contamination. 
2.2 Healthcare-Acquired Infections (HCAI) 
HCAI, also known as nosocomial infections, are infections that occur as a 
result of exposure to healthcare environments (Haque et al., 2018). Cardoso 
et al., (2014) define HCAI as infections occurring during a visit to a health 
care facility exceeding 48 hours, with these infections not being present nor 
incubating at the time of admission. According to the Centres for Disease 
Control and Prevention, approximately one in 31 patients admitted to the 
hospital will acquire at least one HCAI (CDC Winnable Battles Progress 
Report, 2019). Hague et al., (2018) stated that 1.7 million hospitalised patients 
acquire HCAI and that 98 000 (1 in 17) of those who do acquire such infections 
succumb to them. HCAI not only affects patients' or health care workers' 
health but it causes a tremendous financial burden on patients and 
governments due to the increase in the duration of the hospital stay (Fernando 
et al., 2017). Some of these HCAI pose a serious risk to patients’ and HCW’s 




2.2.1 ESKAPE pathogens 
ESKAPE pathogens are a group of six pathogens most commonly 
associated with HCAI namely: Enterococcus faecium, Staphylococcus 
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 
aeruginosa and Enterobacter species (Santajit & Indrawattana, 2016). 
These ESKAPE pathogens are well known for their resistance to antibiotics. 
This causes additional concern and puts further emphasis on the 
importance of the prevention of HCAI (Santajit & Indrawattana, 2016). 
These ESKAPE pathogens are mainly contracted within hospitals (Mulani 
et al., 2019.)  
As stated in section 2.1.1, Chiropractors are classified as primary health 
care practitioners. They consult and treat patients on an outpatient basis 
within private practice. For this reason, it can be assumed that ESKAPE 
pathogens are of less concern within the Chiropractic profession but the 
possibility of acquiring an infection may be considered community-acquired 
infections (CAI) (Kingham et al., 2019).  
2.2.2 Community-acquired infections (CAI) 
CAI are defined as infections manifesting and diagnosed within 48 hours of 
admission in patients without any previous encounter with healthcare. 
These infections are acquired within a community (Cardoso et al., 2015). 
Mohapatra & Sarangi (2018) stated that poor hygiene practices are a 
leading contributor to the acquisition of CAI.  
As stated above Chiropractors do not operate within a hospital setting and 
thus the infections that may be contracted after a Chiropractic visit may be 
due to contact with contaminated surfaces such as the Chiropractic 
treatment table as Perdijk et al., (2017) showed (Appendix L). From these 
tables, it is plausible that the Chiropractic treatment table may play a role 
in the acquisition of HCAI or CAI, from less severe infections such as 




As mentioned previously to effectively combat the spread and transfer of 
pathogens, related to HCAI, it is important to know how such pathogens 
might be transferred. 
2.3 Transfer of pathogens 
Microorganisms may be spread in 5 common ways, which will be described 
below. Examples of pathogens, for each transfer pathway, may be revised 
in Appendix L. 
2.3.1 Contact transmission 
Contact transmission is the most important and most frequent mode of 
transmission found within the health care setting. Contact transmission 
may be divided into two categories namely (Alipour et al., 2017; Lopez-
Urrutia et al., 2018; WHO, 2019): 
a) Direct contact transmission 
The most common form of this type of transmission is through 
contaminated hands of a HCW. For organisms to be transferred five 
processes should occur: 
i) Organisms must be present on the patient’s skin or shed on 
objects immediately surrounding the patient; 
ii) Organisms must be transferred to the HCW’s hands; 
iii) Organisms must be capable of surviving on the HCW’s hands for 
at least a few minutes; 
iv) Handwashing techniques by the HCW must be inadequate or 
completely omitted, or the antimicrobial agent used was 
inappropriate; 
v) The contaminated hand of the HCW must come into direct 
contact with the patient; 
b) Indirect contact transmission 
This involves the transfer of organisms from an object previously 
contaminated, to a person that comes into direct contact with that 
specific object. A well-known example of this type of transmission is the 
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SARS-CoV-2 virus. The virus can land on surfaces after an infected 
person sneezes, coughs or talks and can survive on surfaces for an 
estimated nine days. This means that for up to nine days any person 
touching the contaminated surface may become infected with the 
virus (COVID-19 environmental health guidelines, 2020). 
2.3.2 Droplet transmission 
Droplets are expelled from an infected person’s respiratory system during 
coughing, sneezing, and talking. These droplets are then propelled through 
the air and come into contact with another person. The microorganism may 
then gain access to this person via his or her mucous membranes or 
conjunctiva (Nicas and Sun, 2006). 
2.3.3 Airborne transmission 
Microorganisms may be suspended in the air for an extended period of time. 
These particles may be dispersed by air currents. People will then inhale 
these particles leading to infection (Eames et al., 2009). He et al., (2011) 
showed that contamination is drastically and directly influenced by the 
airflow and the use of air conditioners. For this reason, these instruments 
may either exacerbate contamination or improve contamination. 
2.3.4 Common vehicle transmission 
This mode of transmission involves a common denominator acting as the 
source of transmission and may include: food, water, medical equipment, 
curtains, linen, phones or other common surfaces (Fijan et al., 2014). 
2.3.5 Vector transmission 
This involves the transmission of microorganisms or pathogens via a 




2.4 Survival of nosocomial pathogens 
Hanczvikkel & Tóth (2018) showed that the survival of pathogens relies on 
various factors. These factors may be divided into two large groups namely:  
a) Factors related to the microorganism e.g. Genus, species and strain 
b) Factors related to the environment: 
i. textile environment e.g. porous or non-porous, smooth or 
rough; 
ii. inoculate media e.g. proteins, blood or serum; 
iii. moisture; 
iv. temperature. 
Otter et al., (2015) demonstrated that many HCAI are due to pathogens 
producing a bio-film on hospital surfaces thus prolonging their survival on 
these surfaces. The formation of these biofilms is demonstrated in Figure 
2.2 below. They stated that bio-films comprising of bacteria, viruses, and 
fungi can indeed form on almost any biological or inanimate surface, and it 
has been found on dry hospital surfaces. Microbes forming a bio-film are 
less susceptible to disinfectants, anti-biotics, and physical stress. 
 
Figure 2.2  Continuum of Bio-film development and maturation (Otter et 
al, 2015) 
With these factors in mind, it is understandable that different organisms will 
have different survival rates and times on external inanimate surfaces.  
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Table 2.1 reflects an adapted and combined indication of survival times of 
clinically relevant bacteria, fungi and viruses on dry inanimate surfaces 
(Hanczvikkel & Tóth, 2018; Kramer et al., 2006; Otter et al., 2015). 
Table 2.1  Survival times on dry inanimate surfaces of clinically relevant 
bacteria, fungi, and viruses 
Bacteria Duration of Persistence 
Escherichia coli 1.5 hours – 16 months 
Staphylococcus aureus 7 days – 7 months 
 
Pseudomonas aeruginosa 




Enterococcus spp. 5 days – 4 months 
Klebsiella spp. 2 hours – more than 30 months 
Acinetobacter spp. 3 days – 5 months 
Clostridium difficile 5 months 
Fungi and Yeast  
Candida albicans 1 day – 120 days 
Candida parapsilosis 14 days 
Torulopsis glabrata 102 days – 150 days 
Virus  
Influenza virus 24-48 hours on nonporous surfaces 
 
Parainfluenza virus 
10 hours on nonporous surfaces, 6 
hours on clothing 
Norovirus 2-14 days 
Hepatitis B virus 7 days 
SARS-CoV-2 virus 9 days 
2.5 Personal and hand hygiene 
As stated by Alipour et al., 2017 and Lopez-Urrutia et al., 2018 the most 
common form of pathogen transmission is through contaminated hands or 
by contacting contaminated surfaces. The human skin and mucosal 
membranes are hosts to various non-pathological and pathological 
organisms. Some areas where nosocomial pathogens have been found 
include (Legese et al., 2018; Ibeneme et al., 2017; Akanbi et al., 2017): 
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i. Nose and nasal passages: Staphylococcus aureus; 
ii. Hands: Staphylococcus  aureus, Coagulase-positive 
Staphylococcus aureus, Escherichia coli, Bacillus spp., and 
Pseudomonas spp; 
iii. White coats, scrubs or clothing of HCW: Staphylococcus aureus, 
Staphylococcus epidermidis, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Enterococcus faecalis. 
The hands of HCW are a major reservoir for microorganisms and are 
regarded as the most common route of pathogen transmission (Alipour et 
al., 2017; Lopez-Urrutia et al., 2018; Paul et al., 2011).  
Transmission of pathogens is a direct result for HCW being in direct contact 
with patients during a consultation or treatment. It is, for this reason, that 
hand- and personal hygiene plays an important role in the prevention of 
pathogen transmission.  
Fernando et al., (2017) listed a dramatic decrease of 63% of 
Staphylococcus aureus bacteraemia between 2002 and 2013 within 
Australian hospitals. This reduction in infection was attributed to the national 
initiative of hand hygiene programs. Similar results were obtained in the 
"Clean your hands” campaign in England (Stone et al., 2012). 
In reality, however, there are still many HCW that are non-compliant even 
though a simple solution such as washing your hands may drastically 
reduce the spread of pathogens, as shown by Walaszek et al., (2017).  
In a study by Karaaslan et al., (2014) the compliance of hand sanitisation 
within a neonatal and paediatric ICU was only 37%, of which 41.4% were 
nurses and 31.9% were doctors. A study done by Baloh et al., (2019) 
showed the misconception many HCW have when it comes to hand 
hygiene. They studied the perception and practices of HCW pertaining to 
hand sanitisation before gloving their hands. Only 42% of the HCW studied, 
sanitised their hand before gloving their hands. They concluded that hand 
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hygiene and glove use should be a conjoined practice in the prevention of 
infection transmission. 
Ramsden et al., (2019) demonstrated, with the use of GloGerm™, that a 
large risk of pathogen transfer exists between a Chiropractor's hands and a 
patient, especially to the patient's neck, jaw, ears, and side of the head. This 
was a significant finding due to the proximity of the patient's eyes, mouth, 
nose, and ears, which may lead to infection within the patient. Furthermore, 
they demonstrated various moments and possible routes of microorganism 
transfer during a Chiropractic consultation. These moments could be related 
to the ‘Five Moments of Hand Hygiene’ as described by the WHO, (2019). 
2.6 The World Health Organisations’ ‘Five Moments of Hand Hygiene’ 
The WHO embarked on a Global campaign ‘Clean Care is Safer Care’ in 
October 2005. This campaign aimed at reducing HCAI by means of 
emphasising the importance of hand hygiene. This led to the ‘SAVE LIVES: 
Clean Your Hands’ initiative focusing on when and how HCW should clean 
their hands, identifying the ‘Five Moments of Hand Hygiene’ as illustrated in 
Figure 2.3 (WHO save lives: Clean Your Hands, 2019; Sax et al., 2007).  
These ‘Five Moments of Hand Hygiene’ can be regarded as potential times, 
during a consultation that microorganism transfer could occur between 
practitioner and patient. Since the start of the ‘Clean Care is Safer Care’ 
campaign a major improvement in HCW hygiene perception and attitude 





Figure 2.3 WHO 5 Moments of Hand Hygiene (WHO save lives: clean 
your hands, 2019). 




Table 2.2  The five moments of hand hygiene (Sax et al., 2007; WHO save lives: clean your hands, 2019) 
 
Moments of transfer Examples Reference 
Before touching a patient • before shaking a patient’s hand 
• before helping a patient move around 
• before performing a clinical procedure or 
examination  
Cirkovic et al., 2017; Jabbar et al., 2010; Obadia 
et al., 2015). 
Before clean/aseptic 
procedures 
• before performing oral/dental care 
• before wound dressing 
• before catheter insertion 
• before preparation of food and medicine 
administration 
(Baniasadi et al., 2013; Cleveland et al., 2016; Costa 
et al., 2014) 
After body fluid exposure/risk • after oral/dental care 
• after secretion aspiration 
• after clearing urine or faeces 
• after drawing and manipulation of blood 
• after handling any waste  
 
South Australia Health, 2018). 
After touching a patient • after shaking a patient’s hand 
• after helping a patient move around 
• after a clinical examination 
 
Cirkovic et al., 2017; Jabbar et al., 2010; Obadia 
et al., 2015). 
After touching patient 
surroundings 
• after changing bed linen 
• holding a bed rail 
• leaning against a bed  




2.7 How the Chiropractic environment can relate to the WHO ‘Five 
Moments of Hand Hygiene’ 
Ramsden et al., (2019) identified various moments of possible 
microorganism transfer within a Chiropractic setting. They have adapted the 
WHO ‘Five Moments of Hand Hygiene’ to the Chiropractic environment. 
Within this model, four moments that were identified included sanitisation or 
disinfection as a requirement to limit and prevent the spread of 
microorganisms. These moments are illustrated in Figure 2.4. 
Figure 2.4  The WHOs ‘Five Moments of Hand Hygiene’ adapted for   
Chiropractic into four steps (Ramsden et al., 2019) 
The four moments of hygiene for the Chiropractic environment include:  
1. Before touching a patient. Examples include:  
• Before greeting a patient with a handshake 
• Before assisting the patient onto the Chiropractic table 
• Before any diagnostic procedure 
2. Before Clean/aseptic procedure. Examples include: 
• Before dry needling 
• Before possible wound dressing 
3. After touching a patient. Examples include: 
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• After diagnostic or a manipulative procedure 
• After greeting a patient goodbye 
4. After touching the patient's surroundings. Examples include: 
• After any contact with the Chiropractic treatment table or any 
other surfaces that may have come into contact with the 
patient 
Taking into account the various pathogens which might be transferred and 
cause disease in patients, as well as the fact that HCAI are still a major 
problem as described previously, one wonders if hygiene practices will 
improve if HCW may be able to see the actual transfer of microorganisms 
and what educational training is offered to HCW. As this study focused on 
just that, simulation techniques demonstrating microorganism transfer were 
investigated. 
2.8 Education and Simulation 
Many fluorescent-based simulations have been used throughout the 
medical profession to monitor and educate on hand hygiene (Mittal et al., 
2011; Pan et al., 2014; Pope et al., 2014). It has been deemed by Secomb 
et al., (2012) that the use of simulation is an effective educational tool that 
has been linked to improved competence and compliance of HCW. Various 
authors have stated that simulation techniques lead to interactive learning 
and that simulation creates a risk-free environment resulting in improved 
education and learning (O’Donoghue et al., 2016; Pope et al., 2014).  
Grundgeiger et al., (2013) demonstrated that the use of visual cues during 
a simulation with ICU nurses led to improved patient care and optimal 
outcomes, reiterating the positive effects that simulation and visualisation 
have on HCW.  
In a study conducted on nursing students, Herron et al., (2019) showed that 
the use of visual aid in the form of video simulations provided students with 
a better understanding and application of course content. During this study, 
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they compared two groups of nursing students with regards to education 
satisfaction, self-confidence, and knowledge. One group received a written 
case scenario and the other received a video-based scenario. Even though 
there was no statistical difference between learning satisfaction and self-
confidence, the group that received the video scenario outperformed the 
group with the written scenario in the knowledge section. Students also 
reported that visualising scenarios improved their understanding and 
learning abilities with the aid of visualisation. 
O’Donoghue et al., (2016) showed that a multifaceted educational 
intervention consisting of visual aids and educational talks on hand hygiene 
improved the overall awareness and perception of HCWs within a radiology 
department regarding hand hygiene. With the advancement of technology, 
more patients come into contact with radiology workers. It was noted that a 
breach in aseptic techniques occurred within the radiology department, 
leading to an increase in HCAI. They made use of pamphlets describing the 
use of alcohol-based hand disinfectant (ABHD), pocket-sized ABHD, the 
strategic placement of large automatic ABHD and regular short educational 
talk on hand hygiene. Before the intervention hand hygiene compliance was 
merely 28.9%. After the intervention hand hygiene compliance was 
increased to 51.4%.  
Pan et al., (2014) demonstrated that a “seeing-is-believing” program can be 
successfully implemented to encourage HCW to improve hand hygiene 
practices and cultivate a hand hygiene health care environment. During their 
study, HCW were asked to rub their hands with a fluorescent agent. They 
were then instructed to wash their hands with an ABHD and water. Their 
hands were then inspected under a fluorescent light. They identified a total 
of 880 residual spots as illustrated in Figure 2.5 with an average of 2.2 to 
2.8 points per participant. This simulation reinforced the importance of hand 





Figure 2.5  Residual spots post hand washing (copied from Pan et al., 
2014) 
In a simulation study by Pope et al., (2014) GlitterBug™, a transparent gel 
that illuminates under long-wave UVA light, was applied to a manikin's 
(suffering from cystic fibrosis) room surfaces such as door handles, medical 
equipment, and personal belongings. Students were instructed to enter the 
room dressed in clinical attire, including gowns, gloves, and masks. They 
were then instructed to place the oxygen mask on the patient, who 
complained of difficulty with his breathing. Once the simulation was 
completed the lights in the room were switched off and black lights were 
used to inspect the contamination of the patient's room and transfer of the 
GlitteBug™ to the student's clothing, hair, and skin. They concluded that 
GlitterBug™, which acts as a surrogate for microorganisms, during a 
simulation can be useful and effective for contamination and hygiene 
education within academia and practice. 
Mittal et al, (2011) made use of GloGerm™ to evaluate the effectiveness of 
germ simulation on medical students concerning hand hygiene and aseptic 
procedures during urinary catheterization (UC). UC contributes to HCAI due 
to cross-contamination and break of aseptic techniques. They found that 
both hand hygiene and sterility throughout the UC procedure dramatically 
improved after simulation-based training. Furthermore, they stated that 97% 
of the subjects reported that the simulation assisted them to realise and 
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understand how cross-contamination may occur and how they may avoid 
these incidences.  
2.8.1 GloGerm™ as a surrogate for microorganisms 
GloGerm™ is a fluorescent-based liquid that is invisible under natural 
light and only becomes visible under a black light-emitting long-wave 
UVA radiation. The fluorescent liquid can be transferred by physical 
contact, making it an ideal surrogate to demonstrate the transfer of 
microorganisms (Schirmer et al., 2018).  
As described above Mittal et al., (2011) successfully made use of 
GloGerm™ to evaluate the effectiveness of germ simulation on medical 
students concerning hand hygiene and aseptic procedures during urinary 
catheterization.  
Ramsden et al., (2019) used GloGerm™ as a surrogate for microorganisms 
and successfully illustrated that transfer does occur between a patient, 
Chiropractor, and Chiropractic treatment table during a consultation.  
Fuller et al., (2019) conducted a study that evaluated Chiropractic student’s 
handwashing practices using GloGerm™ as a surrogate for microbial 
pathogens. Participants were asked to rub their hands with GloGerm™. 
They were then asked to wash their hands like they normally would without 
specifying the usage of soap or any specific handwashing procedures. 
Participants' hands were then inspected in a black box containing two UV 
lights and a camera. The researchers examined the extent to which the 
GloGerm™ was removed. They concluded that Chiropractic interns' 
handwashing practices were unsatisfactory and that GloGerm™ can be 
used effectively as a simulation to demonstrate hand washing practices. 
As one can see GloGerm™ shows transmissible qualities between various 
surfaces and has been used successfully during simulation studies to 
demonstrate its transfer. GloGerm™ contains particles that correspond to 
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the size of microbes (0.5 to 4𝜇𝑚) (Schirmer et al., 2018), therefore 
GloGerm™ can be used as a surrogate for microorganisms, demonstrating 
their transfer. 
2.9 Concluding thoughts 
HCAI are a real and serious problem. Many of these infections can be 
reduced by simple hygiene practices such as thoroughly cleaning your 
hands and treatment surfaces as demonstrated above. As poor compliance 
and inadequate hand and surface hygiene is still problematic under 
Chiropractic interns (Kingham et al., 2019; Fuller et al., 2019), this study can 
demonstrate the transfer of microorganisms using GloGerm™ as a 
surrogate, thus utilising the “seeing-is-believing” approach as demonstrated 
by Pan et al., (2014). This study may show that simulation is an effective 
educational tool which may result in improved hygiene practices which will 
ultimately lead to a decrease of HCAI or CAI, especially within the 




CHAPTER THREE – METHODOLOGY 
3.1 Introduction  
This chapter describes the methods and procedures, participant recruitment 
and selection, equipment used, Chiropractic manipulation setup as well as 
the data collection procedures and analysis used for this study. 
3.2 Study design  
This was a quantitative, educational, intervention study, illustrating the 
transfer of microbial pathogens for educational purposes by making use 
of a visual tool, i.e. Glo-Germ™, a pre-intervention survey and a post-
intervention questionnaire evaluating participants’ perception and practices 
on Chiropractic treatment table surface hygiene.  
3.3 Population and Sampling 
All interns currently in their 5th year of Chiropractic studies during 2020 
(N=26) at the UJ, Doornfontein campus were invited to participate in this 
study. Convenience sampling was used.  
Chiropractic students are introduced to manipulation techniques from their 
3rd year of studies. However, first year interns only start consulting and 
treating patients in the UJ Chiropractic Clinic from their 5th year of studies. 
Therefore, this study was conducted on interns currently in their 5th year of 
studies during a Principle and Practice of Chiropractic (PPC) class at UJ in 
2020. 
This study was conducted during the same week the interns started their 
clinical training. This way the monitoring of hygiene practices and 
perceptions could be evaluated without any prejudice towards previous 
clinical hygiene behaviours and practices. 
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3.4 Pre-trial experimentation of GloGerm™ preparation  
A pre-trial experiment was performed to evaluate the probability of effective 
visualisation of GloGerm™ transfer from the Chiropractic treatment table to 
a person. The standard GloGerm™ ≥20% liquid (as taken from bottle label) 
available to the researcher’s disposal was an orange colour. Protective 
clothing given to participants during this study was also orange therefore, it 
was decided to experiment with white GloGerm™ powder, as this may ease 
visualisation of the transfer of GloGerm™.  
A white GloGerm™ powder was applied to the Chiropractic treatment table. 
This was easily visualised under the blacklight, however, this had its 
drawbacks. The powder could not be contained to the desired area of 
application as the slightest breeze or movement dispersed the powder, 
which would result in unreliable transfer data. It was then decided to mix the 
white GloGerm™ powder with a solvent. Three variables were considered 
namely: type of solvent, transfer efficiency and ease of visualisation of 
photos the mixture will yield. 
3.4.1 Type of solvent 
Adding the GloGerm™ powder to a solvent resulted in a more accurate 
application. The solvent tested were decided upon by three factors namely: 
the moisturising properties they contain (as an added benefit to the 
participants and the treatment tables), the potential of irritation to a 
participant's skin and how well and easily the GloGerm™ powder dissolved 
within the solvent. The two solvents that were tested were Pure cream® 
moisturiser and Palmer’s® coconut oil body oil as illustrated in Figure 3.1.
 Figure 3.1  Solvents used to test GloGerm™ transfer 
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3.4.1.1 Palmers® coconut oil body oil 
The manufacturers of Palmers® coconut oil body oil claim that their product 
replenishes skin moisture providing a 24h moisture. Their product is free 
from parabens, mineral oils, sulfates, phthalates, and dyes, all of which are 
associated with dermatological irritation (Coconut Oil Formula - Coconut Oil 
Body Oil, 2020)The GloGerm™ powder dissolved instantly and easily 
without the formation of any clumps. The consistency of the mixture was 
similar to that of the orange GloGerm™ liquid.  
3.4.1.2 Pure cream® moisturiser 
The manufacturers of Pure cream® moisturiser claim that this particular 
formulation serves as an emollient for dry skin conditions. They state that 
the product is safe to use on the body and faces of all ages (Pure cream, 
2020). The GloGerm™ mixed well with the cream without any visible clump 
formation. 
3.4.1.3 Solvent concentration 
To obtain a reproducible sample concentration, v/v ratios were used. 
Sample 1 composed of 15ml Pure cream® with 1.25ml of white GloGerm™ 
powder yielding an 7.3% (v/v) mixture. Sample 2 composed of 15ml of 
Palmers® coconut oil body oil mixed with 1.25ml of white GloGerm™ 
powder, yielding an 7.3% (v/v) mixture. Sample 3 composed of 15ml of Pure 
cream® mixed with 2.5ml of white GloGerm™ powder, yielding a 14.3% 
(v/v) mixture. Sample 4 composed of 15ml of Palmers® coconut oil body oil 
mixed with 2.5ml of white GloGerm™ powder, yielding a 14.3% (v/v) 
mixture. Sample 5 composed of 15ml of Palmers® coconut oil body oil 
mixed with 3.75ml of white GloGerm™ powder, yielding a 20% (v/v) mixture. 
3.4.2 Transfer efficiency 
The solvents’ transfer efficiency was tested according to two factors namely: 
transfer efficiency as a factor of time and transfer efficiency as a factor of 
transfer. As the simulation was anticipated to be no longer than 60 minutes 
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the transfer was tested for a period of 70 minutes. Transfer of the mixtures 
was tested in terms of: 
• Primary transfer (from the Chiropractic treatment table to one of the 
researcher’s hands). 
• Secondary transfer (from the researcher’s primary contact hand to 
the other hand) 
• Tertiary transfer (from the researcher’s secondary hand to a clean 
area on the Chiropractic treatment table) 
The results of the experiment will be discussed in Chapter 4. 
3.4.3 Ease of visualisation and quality of photos 
The orange GloGerm™ had a concentration of ≥20% (as taken from the 
bottle label). It was not known if the white powder GloGerm™ required the 
same concentration, for this reason, various concentrations of the white 
GloGerm™ mixtures were prepared (using v/v ratios) namely 7.3% (v/v), 
14.3% (v/v) and 20% (v/v). The ease of visualisation of all three transfers 
(as described in section 3.4.2) was graded as listed below: 
• Excellent (+++) – transfer occurred with ease and visualisation under 
black light is good 
• Good (++) – transfer did occur and can be visualised under a 
blacklight but less than excellent 
• Present (+) – transfer did occur. Visualisation under black light is 
difficult but can be seen 
Transfer was always observed, for this reason no “no-transfer” category was 
required. The results of the experiment will be discussed in Chapter 4. 
3.5   Inclusion criteria 
Due to the nature of the study, only participants compliant with the following 
were included: 




• No contra-indications to Chiropractic manipulation (Appendix F), 
even though only the setup was done 
• Students showing no adverse reaction to GloGerm™ 
3.6   Exclusion criteria 
• Students with any skin irritations or conditions 
• Students absent from the class due to illness 
3.7   Material and equipment 
3.7.1 GloGerm™ 
White GloGerm™ powder mixed with Palmer’s Coconut oil body oil yielding 
a concentration of 20% (v/v) was used as the microbial surrogate in this 
study. The reason for this was based on the pre-trial experiment results as 
discussed in section 3.4 and section 4.2.1. 
3.7.2 Black lights 
Two Chauvet COREpar black light (Figure 3.2) were used during this study. 
Each light was placed on a portable stand two meters high. The lights were 
aimed at the Chiropractic treatment tables and the photo booth. 




A professional photographer was hired to take photos and video recordings 
during the trial for the purpose of transfer data collection. A video was 
recorded during the simulation. These video files were then converted to 
JPEG files which were then used to evaluate the transfer of GloGerm™. 
Cannon EOS D7 Mark II cameras were used by the photographer during 
the simulation 
3.8 Chiropractic manipulation setup 
The setup of three different Chiropractic manipulations was used during this 
study, namely: bench, thigh-ilio-deltoid and anterior thoracic. Chiropractic 
manipulation techniques may differ from various institutions and from 
practitioner to practitioner, for this reason, each technique setup is 
described below according to techniques taught at the University of 
Johannesburg. 
3.8.1 Bench 
Patient position (PP): Prone. Head turned away from the doctor (Homo-
lateral to listing) 
Doctor position (DP): Contra-lateral to the listing. Fencer stance, facing 
cephalad. 
Contact hand (CH): Cephalad hand. Pad of thumb placed on the lateral 
spinous process. Forearm parallel to the floor. 
Indifferent hand (IH): Caudal hand. Palm to cup the patient’s ear. 
Line of drive (LD): Thrust straight across while IH tractions cephalad and 
further into rotation (Craig and Moodley, 2012). 
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3.8.2 Thigh-ilio deltoid 
PP: Lateral recumbent position. Lesion side up. Bottom leg straight. Top leg 
bent with foot placed in bottom leg’s popliteal fossa. 
DP: Anterior to patient. Fencer stance, facing cephalad. Lateral thigh to the 
patient's thigh.  
CH: Caudal hand. Pisiform contact medial and inferior to Posterior-Superior 
Iliac Spine (PSIS). 
IH: Cephalad hand. Palm on anterior shoulder. 
LD: CHH drives the PSIS posterior-anterior. Lateral thing drives patient 
thigh inferior as a body drop (Craig and Moodley, 2012). 
3.8.3 Anterior thoracic 
PP: Supine with arms crossed over chest. Arm contra-lateral to doctor on 
top. 
DP: Fencer stance, with body/chest over the patient. 
CH: Flat hand, semi-fist or fist contact on the spinous process centrally 
placed in the palm. 
IH: Grasp the patient's superior arm. The doctor's chest contacts their own 
forearm. 
LD: Anterior-posterior and cephalad (Craig and Moodley, 2012). 
3.9 Study procedure 
Interns completing their 5th year of Chiropractic studies in 2020 at UJ, 
Doornfontein campus were informed of this research study being 
conducted, requiring their participation. The study with all the relevant 
information was then explained.  
Before the commencement of the selected PPC class, all windows were 
covered with black plastic bags to ensure complete block out of the sun. All 
Chiropractic treatment tables were coated with sample 5 (as discussed in 
section 3.4.1.3) of the GloGerm™ mixture. Only the thoracoabdominal piece 
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(to be reviewed in Figure 2.1) of the Chiropractic treatment table was 
coated with GloGerm™. All equipment used during the study was setup by 
the researcher. 
All participants that participated in the study signed the information 
(Appendix A) and consent (Appendix B) and permission to be photographed 
(Appendix C) forms at the start of the selected PPC class. Participants were 
asked to change into the PPE clothing provided. Participants then 
completed a pre-intervention survey (Appendix G) on their knowledge of 
microorganisms, their practices of Chiropractic treatment table surface 
hygiene and their attitudes and beliefs towards Chiropractic treatment table 
surface hygiene and microbial transfer. 
Figure 3.3  Illustration of the study procedure 
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A number was allocated to each participant by the researcher’s supervisors. 
This number had to be written on the survey and questionnaire. This number 
ensured the anonymity of the participant's data. A small amount of sample 
5 (as discussed in section 3.4.1.3) of the GloGerm™ mixture was applied to 
the ventral aspect of all participants’ wrist. Participants were then observed 
for 5 minutes to ensure that there were no adverse reactions to the 
GloGerm™. Participants were instructed to wash their hands and forearms 
with soap and water after the 5 minutes elapsed. Participants were then 
asked to pair up in groups of two. One acting as the “Chiropractic doctor” 
and the other as the “patient”. The participants were then instructed to 
perform the setup, as they normally would, of three specific manipulations 
namely: bench, thigh-ilio-deltoid, and anterior thoracic. Participants were 
given 15 minutes to do so. This was done unidirectional. On completion of 
all three setups, the main lights were switched off and the blacklights were 
used to inspect the possible transfer of the GloGerm™ on all participants. 
Photographs were taken from the anterior and posterior aspects of all 
participants, standing in anatomical position, to show the transfer of 
GloGerm™.  
A short informative presentation, compiled by the researcher with the 
assistance of the Water and Health Research Centre, was given on general 
hygiene and microorganism transfer. Findings of transfer was captured as 
present or not present, listing the region where transfer was detected. After 
the simulation, all participants were provided with soap and water to wash 
off any GloGerm™ that they might have come in contact with. Proper 
disposal of all material and cleaning of all the Chiropractic treatment tables 
that were done, according to UJ policy (Appendix K). 
Twenty one (21) days after the initial simulation, participants were asked to 
complete a post-intervention questionnaire (Appendix H), relating to the pre-
intervention survey and their current Chiropractic treatment table surface 
hygiene practices. Seven weeks’ worth of data from the Water and Health 
Research centre pertaining to the usage of Distell™ (the disinfectant used 
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within the UJ Chiropractic clinic) was obtained for analysis. This data 
reflected the hygiene practices of Chiropractic interns within the UJ 
Chiropractic clinic.    
3.10   Ethical consideration  
Approval for this study was obtained from the Higher Degrees Committee 
(Appendix E) and Research Ethics Committee of the Faculty of Health 
Sciences, University of Johannesburg (Appendix D). Permission to 
undertake a research study on Chiropractic students on the DFC campus 
was obtained from the relevant parties. (Appendix I; Appendix J)  
Participants were provided with T-shirts, shorts and protective eye wear  to 
ensure no damage would occur to their clothing or eyes, as it is standard 
procedure for male students to wear shorts and or T-shirts and for female 
students to wear shorts and or T-shirts or bikini top during a PPC class. 
The participants that agreed to partake in this study were required to read 
the information form (Appendix A), sign the consent form (Appendix B) and 
sign the permission to be photographed form (Appendix C). Any risks, 
benefits, and discomforts about the research, research material or 
treatments involved were explained (Appendix F). The participant’s safety 
was ensured as no manipulations were done but only the manipulation 
setup. The information and consent form explained that the participants’ 
personal information would not be shared or published in any accredited 
educational journal that might arise from this study and their faces would be 
blurred out from any photographs taken during the research. The 
participants were informed that their participation was on a purely voluntary 
basis and that they were free to withdraw from the study at any stage. The 
anonymity of participants’ data was ensured as numbers were allocated to 
each participant by the researcher's supervisor for completion of the survey 
and questionnaire. Any questions from the participants were explained by 




3.11 Data analysis 
Data from the survey, questionnaire, and photographs were transferred to 
a Microsoft Excel spreadsheet. This data was analysed by a statistician at 
STATKON to determine any changes in the perception and practices of the 
participants about Chiropractic treatment table surface hygiene using SPSS 
V. All data is stored at the Water and Health Research Centre Share Point 
Site. Eight weeks’ worth of data collected by the Water and Health Research 
Centre as part of an ongoing study (Monitoring of Distell™ in the UJ 
Chiropractic clinic) was used to emphasise and highlight participant’s 
hygiene practices. This data has not been statistically analysed due to the 
ongoing nature of the study. The usage of Distell™ within the clinic 
treatment rooms represents the hygiene practices of the Chiropractic 
interns. 
3.11.1 Data collection tools and methods 
Four tools were used for data collection. These included: the pre-simulation 
survey, the post-simulation questionnaire, photographs, and Distell™ 
monitoring. 
The pre-simulation survey was compiled, using a Likert scale, pertaining to 
participants’ knowledge of microorganisms, their practices of Chiropractic 
treatment table surface hygiene and their attitudes and beliefs towards 
Chiropractic treatment table surface hygiene and microbial transfer 
(Appendix G). The survey was setup in three main sections. Section one 
required information about the participant’s education regarding 
microbiology and surface hygiene. Section two required information about 
the participants’ perception about hygiene and microorganism transfer and 
section three required information about the participants’ hygiene practices. 
The post-simulation questionnaire was setup in a similar fashion and related 
to the pre-simulation survey, in order to compare the effect the simulation 
had on the participants’ perception and hygiene practices before and after 
the simulation (Appendix H).  
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Photographs, used to identify the transfer of GloGerm™ on all the 
participants, were taken after the setup of three Chiropractic manipulations. 
Transfer was interpreted as present or absent on major bodily regions 
including: head and face, neck, chest, abdomen, pelvis, anterior thighs, 
shins, feet, upper back, lower back, buttock, posterior thigh, calves, anterior 
arms, anterior hands, posterior arms and posterior hands, while standing in 
anatomical position. 
Eight weeks’ worth of data from the Water and Health Research centre 
pertaining to the usage of Distell™ (the disinfectant used within the UJ 
Chiropractic clinic) for Chiropractic treatment table sanitation  was obtained 
for trend analysis. This data reflected the hygiene practices of Chiropractic 
interns within the UJ Chiropractic clinic. The data generated consisted of 
the consumption of Distell™ two weeks prior and four weeks after this trial. 
The monitoring of Distell™ by the Water and Health Research Centre during 
this period involved the total amount of Distell™ used, the amount of 
Distell™ used per patient and the number of patients visiting the UJ 




CHAPTER 4 – RESULTS 
4.1 Introduction 
This chapter provides the finding and analysis of data collected during the 
pre-trial preparations and the simulation concerning participants' hygiene 
practices and beliefs with the aid of a pre-simulation survey and a post-
simulation questionnaire as well as GloGerm™ transfer with the use of 
photographs and observations during the simulation. 
4.2 Data analysis  
4.2.1 Pre-trial preparation 
Five samples of various concentrations (7.3 % (v/v), 14.3% (v/v) and 20% 
(v/v)) of white GloGerm™ powder with Pure cream® or Palmers® coconut 
oil body oil were prepared as discussed in section 3.4. These mixtures were 
applied to a Chiropractic treatment table. The transfer was tested at various 
time intervals. As the simulation was anticipated to be no longer than 60 
minutes the transfer was tested for a period of 70 minutes. Transfer was 
tested immediately after application (transfer at 0 minutes), at 35 minutes 
post application and at 70 minutes post application.  Transfer of the mixtures 
was tested in terms of: primary- secondary- and tertiary transfer. Transfer 
was described as: 
• Excellent (+++) – transfer occurred with ease and visualisation under 
black light is good 
• Good (++) – transfer did occur and can be visualised under a 
blacklight but less than excellent 
• Present (+) – transfer did occur. Visualisation under black light is 
difficult but can be seen 
Both the cream (sample 1) and the oil (sample 2), at the lowest 
concentration of 7.3%(v/v), vehicles were effective in demonstrating transfer 
at maximal time interval (70 minutes) tested, as can be seen from Tables 
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4.1 and Table 4.2. Sample 2 did however show superior transfer at 70 
minutes compared to sample 1. 
Table 4.1 Comparison of transfer over time with a 7.3% (v/v) 
concentration GloGerm solutions 
Sample number Transfer Transfer at 0 
min 
Transfer at 35 
min 




Primary +++ ++ ++ 
Secondary ++ ++ + 
Tertiary ++ + + 
Sample 2 
Palmers Oil® coconut 
oil body oil 
Primary +++ +++ +++ 
Secondary +++ ++ ++ 
Tertiary ++ ++ + 
Present = +, Good = ++, Excellent = +++ 
Sample 3 and sample 4 (14.3% (v/v) concentration) were evaluated 
immediately after application (transfer time 0 min) and at 35 min post-
application. The transfer was not tested at 70 min as it was assumed that 
transfer will be present, since transfer could be visualised with a lower 
concentration of 7.3% (v/v) at 70 min. Both sample 3 and sample 4 showed 
similar transfer qualities as shown in Table 4.2. 
Table 4.2  Comparison of transfer over time with a 14.3% (v/v) 
concentration 




Primary +++ +++ 
Secondary +++ ++ 
Tertiary ++ ++ 
Sample 4 
Palmers Oil® 
coconut body oil  
Primary +++ +++ 
Secondary +++ ++ 
Tertiary ++ ++ 
Present = +, Good = ++, Excellent = +++ 
However, when comparing the ease of application and ease of transfer it 
was concluded that the oil vehicle was superior. At 35 min and 70 min, the 
cream had a sticky consistency giving the impression of becoming dry, 
where the oil remained smooth and transferred with ease. With this in mind, 
and the visualisation seen in Figure 4.1 (top left and right), a 5th sample 
(Figure 4.1 (bottom)), composed of 15ml Palmer’s coconut oil body oil 
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mixed with 3.75ml of white GloGerm™ powder, yielding a 20% mixture was 
prepared.  
Figure 4.1  Tertiary transfer of samples 3 (top left), 4 (top right) and 5 
(bottom) at 0 min and 30 min.  
The transfer of sample 5 was measured at 0 min and again at 30 min as 
presented in Table 4.3 and Figure 4.1 (bottom picture). It was assumed 
that transfer would be present at 70 min due to transfer occurring with a 
weaker concentration at the 70 minute time interval. 
Table 4.3 Transfer of sample 5 over time with a 20% concentration 




coconut body oil  
Primary +++ +++ 
Secondary +++ +++ 
Tertiary +++ +++ 
Present = +, Good = ++, Excellent = +++ 
Visualisation of transfer from sample 5 was excellent over the time 
measured as depicted by Table 4.3. For this reason, it was decided to use 
the 20% oil-based concentration, as sample 5 will be the most effective to 
demonstrate the transfer of GloGerm™, especially taking into consideration 
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the colour of the Chiropractic treatment table upholstery and the colour of 
the shirts (PPE) worn by participants. Comparison of the traditional Orange 
GloGerm™ liquid vs sample 5 can be seen in Figure 4.2.  
Figure 4.2  Secondary transfer of Orange Glogerm™ vs Sample five 
4.2.2 Results from the pre-simulation survey and post-simulation 
questionnaire  
This section relates to the combined results obtained from the pre-
simulation survey and the post-simulation questionnaire. Results will be 
explained using cross-tabulation comparing the answers given by 
participants in the pre-simulation survey and the post-simulation 
questionnaire. Tables can be interpreted with the aid of colour coding. 
Results from the pre-simulation (in rows) will be in green whereas the results 
from the post-simulation questionnaire (columns) will be in orange as 
demonstrated in Table 4.4. 
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Table 4.4  Example of cross-tabulation 
Results located within the center of the table (colour coded, white) represent 
the number of participants that altered their answers between the pre-
simulation survey and the post-simulation questionnaire.   
A total of 26 participants (N=26) completed the pre-simulation survey and 
the post-simulation questionnaire. Of the 26 participants, (n=5) 80.8% were 
female and (n=21)19.2% were male. Of the 26 participants, (n=22) 84.6% 
of them fell into the 22-25 year of age category.  
4.2.2.1 Educational background 





Table 4.5 Cross-tabulation of participants that received microbiology 
training vs participant’s perception about training content for 
the pre-survey (green) and post-questionnaire (orange) 
   
If you received 
microbiology training, do 
you believe the course 
taught you about disease-
causing microorganisms 
and how they spread? 





Yes Count 18 4 22 
%  81,8% 18,2% 100,0% 
No Count 1 2 3 
%  33,3% 66,7% 100,0% 
Total Count 19 6 25 
%  76,0% 24,0% 100,0% 
As depicted by Table 4.5, only 25 participants (n=25) answered this 
question. During the pre-simulation survey 88% of participants (n=22), 
indicated that they have had previous microbiology training. During this 
same survey 12% (n=3) of the 25 participants indicated that they did not 
receive any training in microbiology. Of the participants that indicated that 
they have had previous microbiology training (n=22), 81.8% (n=18) 
indicated that the course they received taught them about disease causing 
microorganisms and the spread thereof, where as 18.2% (n=4) indicated 
that the course did not teach them anything about disease causing 
microorganisms nor the spread thereof.  However during the post-simulation 
questionnaire a total 76% (n=19) of participants indicated that the 
microbiology course they received taught them about disease causing 
microorganisms and the spread thereof, whereas 24% (n=6) indicated that 
the microbiology course they received did not teach them about disease 
causing microorganisms nor the spread thereof. This is because one of the 
three participants, that initially (during the pre-simulation survey) indicated 
that they did not receive any microbiology training, indicated that a 
microbiology course did teach them about disease-causing microorganisms 
and the spread thereof, during the post-simulation questionnaire.  
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Table 4.6 Cross-tabulation of participants that received training in 
infection control and prevention vs those that understand their 
role in the spread of disease for the pre-survey (green) and 
post-questionnaire (orange) 
  
If you have received any training on 
infection control and prevention, do 
you think your training explained 
your role in the spread of disease? 






Yes Count 13 1 2 16 
%  81,3% 6,3% 12,5% 100,0% 
No Count 3 2 0 5 
%  60,0% 40,0% 0,0% 100,0% 
Not 
sure 
Count 5 0 0 5 
%  100,0% 0,0% 0,0% 100,0% 
Total Count 21 3 2 26 
%  80,8% 11,5% 7,7% 100,0% 
Table 4.6 shows that 64.5% (n=16) of participants, during the pre-simulation 
survey, indicated that they received training in infection control and 
prevention. Of those 16 participants, 81.3% (n=13), during the post-
simulation questionnaire, felt that the training they received taught them 
about their role in the spread of disease, where as 6.3% (n=1) of the16 
participants did not understand their role in the spread of disease and 12.5% 
(n=2) were unsure of their role in the spread of disease. Some of the 
participants,19.2% (n=5), during the pre-simulation survey, indicated that 
they were unsure if they received any training in infection control and 
prevention but during the post-simulation questionnaire,  they all indicated 
that training they did receive taught them about their role in the spread of 
disease. During the pre-simulation survey 19.2% (n=5), indicated that they 
have not received any training in infection control and prevention. However, 
60% (n=3) of those five participants, during the post-simulation 
questionnaire, indicated that the training they received taught them about 
their role in the spread of disease.  
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Table 4.7  Cross-tabulation of participant that received surface hygiene 
training vs participants that feel future students should receive 
surface hygiene training 
 
Do you think it is 
important that future 
classes receive 








Yes Count 15 15 
%  100,0% 100,0% 
No Count 7 7 
%  100,0% 100,0% 
Not 
sure 
Count 4 4 
%  100,0% 100,0% 
Total Count 26 26 
%  100,0% 100,0% 
Table 4.7 demonstrates that, during the pre-simulation survey, only 57.7% 
(N=15) indicated that they received training on general surface hygiene. 
Whereas 26.9% (n=7) indicated they have not received any training on 
general surface hygiene and 15.4% (n=4) indicated they were unsure if they 
received any training on general surface hygiene. Even though not all 
participants received training on surface hygiene, 100% (n=26) during the 
post-simulation questionnaire, indicated that they think it is needed to train 
future students on surface hygiene. 
Table 4.8 Cross-tabulation of participants that received training on the 
cleaning of treatment tables vs participants that feel it is 
important to receive training on the cleaning of treatment 
tables for the pre-survey (green) and post-questionnaire 
(orange) 
 




is important and 
needed? 
Total Yes 
Have you been 
trained on how 
to clean your 
treatment 
table? 
Yes Count 11 11 
% 100,0% 100,0% 
No Count 13 13 
% 100,0% 100,0% 
Not 
sure 
Count 2 2 
% 100,0% 100,0% 
Total Count 26 26 
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% 100,0% 100,0% 
Table 4.8 demonstrates that, during the pre-simulation survey, 42.3% 
(n=11) of the participants indicated that they received training on cleaning 
their treatment tables, whereas 50% (n=13) of participants indicated they 
have not received any training on the cleaning of treatment tables. Some 
participants, 7.7% (n=2), indicated they were unsure if they received any 
training on cleaning their treatment tables. Despite only 42.3% (n=11) of 
participants indicating they received training on cleaning their treatment 
tables, during the post-simulation questionnaire, 100% (n=26) of 
participants   indicated the need and importance to receive training on the 
cleaning of treatment tables. 
4.2.2.2 Perception of surface hygiene 
This section describes the results of the perception of participants, 
regarding surface hygiene. 
Table 4.9 Cross-tabulation of participants’ perception relating to the 
importance of cleaning of treatment tables for the pre-survey 
(green) and post-questionnaire (orange) 
  
After what you have 
learned, do you 
think it is important 
to clean your 
treatment tables? 
Total Yes 
Do you think it 




Yes Count 26 26 
%  100,0% 100,0% 
Total Count 26 26 
%  100,0% 100,0% 
Table 4.9 demonstrates that 100% (n=26) of participants feel that it is 
important to clean their treatment tables pre- and post-simulation. 
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Table 4.10 Cross-tabulation demonstrating participants’ perceptions of 
pathogen survival on treatment tables for the pre-survey 
(green) and post-questionnaire (orange) 
  
Do you think that 
pathogens 
(bacteria, viruses 
and fungi) can 
survive on your 
treatment table? 
Total Yes 
Do you think that 
pathogens 
(bacteria, viruses 
and fungi can 
survive on your 
treatment table? 
Yes Count 25 25 
%  100,0% 100,0% 
Not 
sure 
Count 1 1 
%  100,0% 100,0% 
Total Count 26 26 
%  100,0% 100,0% 
As described earlier in Table 2.1, microorganisms can survive on surfaces 
for various lengths of time. Table 4.10 demonstrates that 96.2% (n=25) of 
participants according to the pre-simulation survey, indicated that they think 
pathogens can survive on treatment tables surfaces. Whereas 3.8% (n=1) 
of participants indicated they were unsure if pathogens can survive on their 
treatment table surfaces. This percentage of perception did not change 
according to the post-simulation questionnaire.  
Table 4.11 Cross-tabulation of participants’ perception of the survival of 

















Count 0 2 1 0 3 
%  0,0% 66,7% 33,3% 0,0% 100,0% 
2-7 
Days 
Count 1 1 6 0 8 
%  12,5% 12,5% 75,0% 0,0% 100,0% 
1-4 
Weeks 
Count 2 4 1 0 7 
%  28,6% 57,1% 14,3% 0,0% 100,0% 
1-12 
Months 
Count 1 1 5 0 7 
%  14,3% 14,3% 71,4% 0,0% 100,0% 
1-5 
Years 
Count 0 0 0 1 1 
%  0,0% 0,0% 0,0% 100,0% 100,0% 
Total Count 4 8 13 1 26 
%  15,4% 30,8% 50,0% 3,8% 100,0% 
45 
 
Even though knowledge of various microorganisms were evaluated during 
the pre-simulation survey and post-simulation questionnaire, E. coli has 
been highlighted due to it being such a well-known bacteria, and it was 
discussed specifically during the trial presentation. E. coli can survive on 
treatment table surfaces for up to 16 months as shown in Table 2.1. Table 
4.11 demonstrates that before the simulation, 11.5% (n=3) of participants 
believed that E.coli can survive on treatment table surfaces for 1-24 hours. 
Majority of participants, 30.8% (n=8), believed that E.coli can survive for 2-
7 days on treatment table surfaces. Some 26.9% (n=7) of participants 
believed that E. coli can survive on treatment table surfaces for 1-4 weeks, 
with 26.9% (n=7) of participants that believed E.coli can survive on 
treatment table surfaces for 1-12 months. Only 3.8% (n=1) of participants 
believed E.coli can survive on treatment tables for 1-5 years. After the 
simulation, 50% (n=13) of participants believed that E. coli can survive on 
the treatment table for 1-12 months with still only 3.8% (n=1) of participants 
that believed it can survive for 1-5 years. 
Table 4.12 Cross-tabulation of participants’ perception of when treatment 
tables should be cleaned for the pre-survey (green) and post-
questionnaire (orange) 
  
Based on what you 
have learned, how 
often do you think 
the treatment tables 















Count 0 1 1 
%  0,0% 100,0% 100,0% 
Between 
patients 
Count 1 24 25 
%  4,0% 96,0% 100,0% 
Total Count 1 25 26 
%  3,8% 96,2% 100,0% 
As shown by Table 4.12, 3.8% (n=1) of participants, according to the pre-
simulation survey, believed the Chiropractic treatment table within the UJ 
chiropractic clinic should be cleaned once during a shift. The other 96.2% 
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(n=25) of participants believed that treatment tables should be cleaned in 
between every patient. During the post-simulation questionnaire, however, 
the 3.8% (n=1) of participants, that initially believed the treatment table 
should be cleaned once a shift now believed that the treatment table should 
be cleaned in between every patient. From the 96.2% (n=25) of participants 
who initially believed the treatment table should be cleaned in between 
every patient, 96% (n=24) of them, during the post-simulation questionnaire, 
believed the treatment table should be cleaned in between every patient 
whereas the other 4% (n=1) changed their answer to once a shift. Even 
though some participants altered their answers the total amount of 
participants that believe the treatment table should be cleaned in between 
each patient remained at 96.2% (n=25) during the pre-simulation survey 
and the post-simulation questionnaire.   
Table 4.13 Cross-tabulation of participants’ perception on the use of 
paper towel pre- and post-simulation for the pre-survey 
(green) and post-questionnaire (orange) 
  
Do you think the paper 
towel can stop the 
transfer of bacteria, 
viruses and fungi? 
Total No Not sure 
Do you think the 
paper towel can 




Yes Count 2 0 2 
%  100,0% 0,0% 100,0% 
No Count 13 1 14 
%  92,9% 7,1% 100,0% 
Not 
sure 
Count 10 0 10 
%  100,0% 0,0% 100,0% 
Total Count 25 1 26 
%  96,2% 3,8% 100,0% 
Results from the pre-simulation survey, as demonstrated in Table 4.13, 
showed that 7.7% (n=2) of participants believed that paper towel placed 
over the headpiece may stop the spread of pathogens. Some participants, 
53.8% (n=14), believed that the paper towel will not stop the spread of 
pathogens whereas 38.5% (n=10) of participants were not sure about the 
effect of the paper towel. The results from the post-simulation questionnaire 
indicated that 96.2% (n=25) of participants now believed that the paper 
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towel cannot stop the spread of pathogens. The 3.8% (n=1) of participants 
that was unsure about the effects of paper towels, from the post-simulation 
questionnaire, initially believed that paper towel cannot stop the spread of 
pathogens.   
4.2.2.3 Practices  
This section will discuss the results relating to the hygiene and sanitisation 
practices of the participants. 
Table 4.14 Cross-tabulation of participants’ sanitisation practices of 
treatment tables in the practical classroom for the pre-survey 
(green) and post-questionnaire (orange) 
  
Do you clean 
the treatment 
tables used in 
class? 
Total Yes 
Do you ever 
clean your 
treatment table 
used in class? 
Yes Count 7 7 
%  100,0% 100,0% 
No Count 19 19 
%  100,0% 100,0% 
Total Count 26 26 
%  100,0% 100,0% 
As demonstrated in Table 4.14, 26.9% (n=7) of participants, from the pre-
simulation survey, indicated they do clean the treatment tables in the 
practical classroom. The other 73.1% (n=19) of participants indicated they 
do not clean their treatment tables within the practical classroom. The 
results from the post-simulation questionnaire indicated that 73.1% (n=19) 
of participants that indicated they do not clean the treatment tables within 
the practical classroom changed their hygiene practices. This brings the 
total of participants that clean their treatment tables within the practical 
classroom to 100% (n=26), as indicated by the post-simulation 




Table 4.15  Cross-tabulation of participants’ sanitisation practices 
regarding the cleaning of clinic treatment tables pre-and post-
simulation for the pre-survey (green) and post-questionnaire 
(orange) 
  
Do you clean 
your treatment 





Do you think 
that you will 
clean your 
treatment tables 
once you start 
your internship 
year? 
Yes Count 25 25 
%  100,0% 100,0% 
Not 
sure 
Count 1 1 
%  100,0% 100,0% 
Total Count 26 26 
%  100,0% 100,0% 
Table 4.15 demonstrates that 96.2% (n=25) of participants, as indicated on 
the pre-simulation survey, believed they will clean their treatment tables 
within the UJ Chiropractic clinic once they start their internship year. Only 
3.8% (n=1) of participants was unsure if they will clean these treatment 
tables. 
Participants began consulting patients within the UJ Chiropractic clinic the 
week of the simulation. By the time participants were asked to complete the 
post-simulation questionnaire, they were consulting with patients for three 
weeks.  
Results from the post-simulation questionnaire indicated that all 26 







Table 4.16 Cross-tabulation of participants’ believes about cross-
infection from treatment tables for the pre-survey (green) and 
post-questionnaire (orange) 
  
Do you think you 
or your patient can 




Do you think you 
or your patient can 
get an infection 
from your 
treatment table? 
Yes Count 22 22 
%  100,0% 100,0% 
No Count 1 1 
%  100,0% 100,0% 
Not 
sure 
Count 3 3 
%  100,0% 100,0% 
Total Count 26 26 
%  100,0% 100,0% 
Table 4.16 indicates that 84.6% (n=22) of participants, as indicated in the 
pre-simulation survey, thought that patients may attain an infection from a 
Chiropractic treatment table. Only 3.8% (n=1) of participants indicated that 
they believed patients cannot get an infection from their treatment tables. 
The other 11.5% (n=3) of participants were unsure if a patient can get an 
infection from a Chiropractic treatment tables. Results from the post-
simulation questionnaire showed that participants changed their believes, 
as 100% (n=26) of participants believed that a patient can attain an infection 








Table 4.17 Cross-tabulation of participants’ believes on cross-
contamination to a Chiropractic treatment table for the pre-
survey (green) and post-questionnaire (orange) 
  
Do you think that 
you or your patient 
can carry over 
microorganisms, 
which can cause 
infection, to your 
treatment tables? 
Total Yes 
Do you think that 
you or your patient 
can carry over 
microorganisms, 
which can cause 
infection, to your 
treatment tables? 
Yes Count 25 25 
%  100,0% 100,0% 
No Count 1 1 
%  100,0% 100,0% 
Total Count 26 26 
%  100,0% 100,0% 
Table 4.17 indicates that 96.2% (n=25) of participants, as indicated in the 
pre-simulation survey, believed that microorganisms, which may cause 
disease, can be transferred from a Chiropractic doctor or a patient to a 
Chiropractic treatment table with only 3.8% (n=1) of participants believing 
otherwise. After the simulation, 100% (n=26) of participants believed that 
microorganisms, which may cause disease, can be transferred from a 
Chiropractic doctor or patient to a Chiropractic treatment table.  
4.2.3 Results from transfer data 
This section describes where the transfer of GloGerm™ was identified on 
the participants representing the patient and the doctor. It is important to 
remember that GloGerm™ was only applied to the thoraco-abdominal piece 
of the Chiropractic treatment tables as illustrated in Figure 4.3.  




Data of transfer was collected from photographs taken during the simulation 
as shown in Figure 4.4. The transfer was recorded as present or not 
present. It was noted that the photographs appeared overexposed due to 
the strong black light and the light was not evenly distributed. If the 
researcher was unsure about transfer due to overexposure, transfer was 
recorded as not present. 
Figure 4.4  Transfer photographs taken during simulation 
4.2.3.1 GloGerm™ transfer on participants representing the patients 
Thirteen (n=13) participants from the class (N=26) represented the patients. 
As demonstrated in Figure 4.5 and Figure 4.6 100% of patients had 
GloGerm ™ transferred to the following areas: the chest, abdomen, anterior 
thighs, lower back and posterior arms. In over 90% of patients, GloGerm™ 
was transferred to the following areas: shins, upper back, calves and 
posterior hand. Over 80% of patients had GloGerm™ transferred to their: 
posterior hand and posterior thighs. GloGerm™ was transferred in over 
70% of patients to their: anterior arm and buttocks.  GloGerm™ was 
transferred in 23.1% of patients to their anterior foot. GloGerm™ was 
transferred in 15.4% of patients to their head and face and only 7.7% had 
GloGrem™ transferred to their necks. 
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Figure 4.5  Schematic diagram of GloGerm™ transfer to patients 
 
 
Figure 4.6  Percentage GloGerm™ transfer to patients per region 
4.2.3.2 GloGerm™ transfer on participants representing the doctors 
As demonstrated in Figure 4.7 and Figure 4.8 transfer was only noted on 
the doctors over the following areas: posterior arm (92.3%), anterior thigh 
(84.6%), posterior hand (84.6%), abdomen (69.2%), anterior hand (61.5%), 
100 100 100 100 100




















































anterior arm (46.2%), and the chest (38.5%). Figure 4.7 reflect the 
percentage of doctors where transfer was noted per region. 
 
Figure 4.7  Percentage GloGerm™ transfer to doctors per region 
Figure 4.8 schematically illustrates the region where transfer of GloGerm™ 
was noticed on the doctors. 
Figure 4.8  Schematic diagram of GloGerm™ transfer to doctors 
4.2.4 Data from Distell™ monitoring within the UJ Chiropractic clinic 
Eight weeks’ worth of data collected by the Water and Health Research 














































Chiropractic clinic) was used to emphasise and highlight participants’ 
hygiene practices. Distell™, within the clinic treatment rooms, are used only 
by Chiropractic interns to disinfect surfaces within their treatment rooms. 
The usage of Distell™ thus represents the hygiene practices of the 
Chiropractic interns. 
The UJ chiropractic clinic is used by both 1st and 2nd-year interns, thus these 
results reflect a combination of both intern years.  Only the 1st year interns 
participated in this particular study. This study was conducted during the 3rd 
week of Distell™ monitoring. The 1st year interns only started working in the 
clinic at the beginning of week three. As the study of Distell™ monitoring is 
not yet completed the data have not been statistically evaluated. This data 
is however used in the discussion to emphasise the change and importance 
of hygiene. 
 
As seen in Figure 4.9 the average volume of Distell™ usage, showed a 
marked increase during week four, the week after the simulation from this 
study, with an increase of the median volume Distell™ used. There was a 
further increase in the median volume of Distell™ used during week five. 
During week six a decrease in median volume of Distell™ used was noted. 
During week six, participants were required to complete the post-simulation 
questionnaire. This was also the week the 1st case of COVID-19 was 
Figure 4.9  Average volume of Distell™ used in all treatment rooms 
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confirmed in South-Africa. During week seven an increase in the median 
volume of Distell™ used is noted again. This figure does not take into 
consideration the number of patients that attended the UJ Chiropractic 
clinic. The volume of Distell™ used compared to the number of patients 
visiting the UJ Chiropractic clinic can be seen in Figure 4.10 and Figure 
4.11.  
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Figure 4.10  Weekly report of total Distell™ volume used and number of 
patients visiting the UJ Chiropractic clinic  
As depicted by Figure 4.10 an increase in the total amount of Distell™ 
usage between week one and week three can be seen. This may be due to 
the 2nd year interns joining clinic procedures. From week three to week five 
a marked increase in the total amount of Distell™ usage can be seen. This 
increase in the total volume of Distell™ is coupled with a marked increase 
in patient visits to the UJ Chiropractic clinic. Between week five and week 
six a drop in the total volume of Distell™ usage is noted, however, the 
number of patients did not change that much. As stated earlier, participants 
were required to complete the post-simulation questionnaire and the 1st 
COVID-19 case was reported in South Africa during week six. It can be seen 
that the Distell™ usage noticeably increased from week six even though the 
number of patient visits to the UJ Chiropractic clinic decreased.   
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Figure 4.11 Volume of Distell™ used per patient 
The results from Figure 4.11 concur with the depiction from Figure 4.9. In 
this figure, the average volume of Distell™ used per patient increased from 
week three, with a further increase during week four and week five. A 
decrease in average Distell™ usage between weeks five and six were 
noted. During week 7 the average volume of Distell™ used per patient 
greatly increased again.  
4.3 Conclusion 
Due to a small sample size statistically significant differences will be difficult 
to analyse. For this reason, trends should be analysed. From this study, the 
most noticeable findings were the changes in sanitisation practices, 
indicating a change in participants' hygiene and sanitisation perception. It is 
clearly demonstrated that primary, secondary, and tertiary transfer of 
GloGerm™ did occur, warranting surface hygiene education explaining the 
role of a Chiropractic doctor, patient and surfaces in the spread of 
microorganisms. These trends can now be analysed to determine the 
effectiveness of GloGerm™ as an educational tool to illustrate the 




CHAPTER 5 – DISCUSSION, CONCLUSION AND 
RECOMMENDATIONS  
5.1 Introduction 
The purpose of this study was to test how effective a simulation to illustrate 
microbial transfer from Chiropractic treatment table surfaces may be as an 
educational tool. The simulation was done with the use of a fluorescence 
application called GloGerm™ on Chiropractic treatment tables. Various 
studies have shown that GloGerm™ is a safe and an effective surrogate for 
microorganisms to illustrate the spread of pathogens (Schirmer et al., 2018; 
Mittal et al., 2011 and Ramsden et al., 2019).  
A previous study conducted within the UJ Chiropractic clinic demonstrated 
that pathogens were found on the Chiropractic treatment tables. This may 
be as a direct result of inappropriate or incorrect disinfection techniques 
(Kingham et al., 2019). Ramsden et al., (2019) showed that Chiropractic 
treatment tables are one of the leading contributors to the spread of 
microorganisms.  
The South Australian Health Government rated treatment rooms as 
moderate risk for the outbreak of HCAI (Cleaning standards for south 
australian healthcare facilities, 2017), while Rutala and Webber, (2019) list 
patient beds as a non-critical surface, which require intermediate to low-
level disinfection. Despite the low infection risk, pathogens can still be 
transmitted from inanimate objects and cause cross-contamination (Lopez, 
et al., 2013). This may be of serious concern for immunocompromised 
patients.  
If the knowledge and understanding of the routes of pathogen spread, as 
described by Ramsden et al., (2019)  within the Chiropractic environment, 
is combined with strict, standardised disinfection procedures and practices, 




Before the results of how effective simulation may be as an educational tool, 
a few variables should be considered. 
1. Chiropractic is taught in many countries. Various spinal manipulation 
techniques and philosophies exist and may differ from institution to 
institution. The spinal manipulation techniques used in this study 
were based on what is taught at the UJ Chiropractic department.  
2. The length (body height) of participants may vary. This may lead to 
some participants’ body parts contacting the Chiropractic table piece 
that has been smeared with GloGerm™ where others may not.  
3. The “doctors” performing the manipulation could choose which side 
they wanted to manipulate within a specific spinal manipulation 
setup. For example, some doctors might have used their right hand 
with the anterior thoracic setup where others used their left hand. The 
same applies to the other two spinal manipulations. The sequence in 
which the spinal manipulations were performed was the same for all 
participants. 1st they were asked to perform the setup of bench, then 
thigh-ilio-deltoid and lastly anterior thoracic. The transfer might have 
been different should the sequence been changed.  
4. The transfer was recorded from photographs that were taken 
throughout the study. It was noted that in many cases some of the 
photographs were overexposed due to the strong black light. 
Secondly, the positioning of the black light created uneven light 
distribution between the patients and the doctors during 
photography.  In any circumstance where the researcher was unsure 
of the transfer due to overexposure or black light positioning, it was 
recorded as no transfer. For this reason, the transfer might have 
been more than what was recorded.   
It is important to remember that the sample size of this study was small 
(N=26). The sample size was determined by the number of interns currently 
in their 5th year of Chiropractic study at UJ. Faber and Fonseca, (2014) state 
that small sample sizes may undermine the internal and external validity of 
a study and that this increases the chance of interpreting a true assumption 
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as a false one. As there were only 26 interns at that time, the study size 
could not be enlarged. For this reason, this study evaluated trends rather 
than statistically significant differences with regards to participants’ 
perception and behavior of surface hygiene. It evaluated if previous hygiene 
related studies done at UJ could be translated to a teaching moment. 
5.2 Cumulative discussion of pre-simulation survey and post-
simulation survey 
5.2.1 Education 
It was noted in Table 4.5 that only 96% of participants answered the 
question relating to previous microbiology training. During the pre-
simulation survey 88% of participants indicated that they received previous 
training in microbiology.  
It was interesting to note that only 88% of participants indicated they had 
previous microbiology training, as microbiology is part of the course content 
taught during their 2nd year of Chiropractic training at UJ in the form of 
medical microbiology. This course is however purely theoretically based. 
Of the 88% of participants, 81.8% of them indicated that the microbiology 
course they received taught them about disease-causing microorganisms 
and the spread thereof. This equates to 72% of the total amount of 
participants that felt the microbiology course taught them about the spread 
of microorganisms. However, during the post-simulation questionnaire 76% 
of participants indicated that the microbiology course they received taught 
them about disease causing microorganisms and the spread thereof. This 
shows a 4% rise in participants who altered their answers from the pre-
simulation survey to post-simulation questionnaire.  
Results from Table 4.6 showed that 61.5% of the total participants indicated 
that they received training on infection control and prevention with 81.3% of 
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them understanding their role in the spread of disease, thus equating to 50% 
of total participants that understood their role in the spread of disease.  
It is interesting to note that 72% (as indicated by Table 4.5) of participants 
understand the spread of disease but only 50% of participants understand 
that they may play a role in the spread of microorganisms.  
A possible reason for this might be that the medical microbiology course 
taught to Chiropractic students at UJ is only theoretically based. It might be 
possible that participants might have forgotten that they did receive 
microbiology training 3 years prior.  
Yano et al., (2019), demonstrated that a short practical session on 
microbiology and practical hand washing improved nursing students’ 
awareness of unseen pathogens. Furthermore, Blewett and Kisamore, 
(2009) concluded that interactive case-based studies in medical 
microbiology improved medical students’ learning and performance. From 
these studies it can be concluded that practical training combined with 
theoretical training have superior results with longer lasting outcomes and 
influence compared to theoretical training alone. 
Another possibility may be interpreted as the Hawthorne effect. This effect 
provokes participants to alter their behavior in line with the expected or 
desired study outcomes. This behavioral change occurs due to participant’s 
social desirability which stems from the participant’s awareness of being 
observed or the participant’s behavior being assessed (McCambridge et al., 
2014). 
It was clearly demonstrated in Table 4.7 and Table 4.8 that a need for 
practical training on Chiropractic treatment table surface hygiene is required 
and needed, by 100% of participants expressing this need.  
The researcher therefore concludes that the education of Chiropractic 
students at UJ might have to be revised in terms of microbiology, hygiene 
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and disinfection protocols. In doing so it might limit the spread of potential 
disease-causing pathogens, as practical awareness of unseen 
microorganisms and the effects these organisms have, might alter 
Chiropractic intern’s hygiene perception as demonstrated in nursing 
students by Yano et al., (2019). 
5.2.2 Perception and practices of surface hygiene 
It is evident from the results in Table 4.9 and Table 4.10 that the participants 
are under no illusion that microorganisms can survive on their Chiropractic 
treatment tables and that these microorganisms may cause disease.  
Even though participants believed that patients might be able to contract an 
infection from their Chiropractic treatment tables according to the results 
from Table 4.16 and Table 4.17, it was interesting to note that only 26.9% 
of participants indicated that they clean their own Chiropractic treatment 
tables within their practical classrooms according to the pre-simulation 
survey as depicted in Table 4.14. This has however changed in the post-
simulation questionnaire to 100% of participants that indicated that they 
clean their Chiropractic treatment tables within the practical classroom.  
The variance of hygiene practices may be contributed to the participants' 
own perceptions and beliefs about hygiene. One participant may feel that 
sanitisation of a Chiropractic treatment table, irrespective of who used it, is 
important as where another may only feel the need to sanitise or clean the 
Chiropractic treatment table before or after an unknown individual used it or 
only if the Chiropractic treatment table is visibly dirty. This phenomenon is 
well illustrated by Biezen et al., (2019).  
They found that even though health practitioners and parents of young 
children agreed that hand hygiene was extremely important in reducing 
disease transmission, the practice of hand hygiene varied vastly.  
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Some health practitioners would wash their hands between every patient, 
others would wash their hands only if they touched a patient where others 
only washed their hands if a patient was visibly infected. The same applied 
to parents washing their children’s hands. Some will wash their children’s 
hands at various intervals where others will only wash them if their children’s 
hands are visibly dirty.  
The 73.1% increase in participants that clean the treatment tables within the 
practical classroom, post-simulation, shows that simulation, as was done in 
this particular study, may alter a person's perception and practices of 
hygiene, similarly as was found by Mittal  et al., (2011). 
Table 4.9 demonstrates that 100% of participants feel that it is important to 
clean their Chiropractic treatment tables, within the UJ Chiropractic clinic, 
while 96.2% of participants feel that cleaning the Chiropractic treatment 
tables in between each patient is needed as shown in Table 4.12. This 
correlates with the Distell™ usage data from Figure 4.10, 4.11 and 4.12.  
The data from the latter figures showed that the total amount of Distell™ 
usage increased in the week after the simulation. The amount of Distell™ 
used per patient also increased during the same time, indicating that the 
simulation was effective in altering the participants behavior by educating 
the participants about the importance of sanitisation and microbial transfer.  
Similar results were found by O’Donoghue et al., (2016). They found a 
22.5% increase in hand hygiene compliance after a multifaceted 
intervention involving visual aid and hygiene presentations. 
As stated previously a decrease in Distell™ usage was noted in week 6 but 
an increase in usage was noted again after the participants completed the 
post-simulation questionnaire. This brings the conclusion that a constant 
reminder of hygiene and sanitation is required, similarly as in the study by 
O’Donoghue et al., (2016).  
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It is important to remember that the 1st case of COVID-19 was reported in 
South Africa between the 6th and 7th week of the Distell™ monitoring, (First 
case of Covid-19 coronavirus reported in SA, 2020) the same week in which 
the Distell™ usage increase was noted. This reiterates the fact that 
awareness and possibly fear of disease may also lead to an increase in 
hygiene practices, even though it might be a reactive reaction from 
participants. This concurs with the findings of Biezen et al., (2019).  
It is possible that the good practice of sanitisation and hygiene may 
decrease again in the coming weeks or months as the "craze" of COVID-19 
fades, similarly as was found by Pepple and Akpan, (2017) during the Ebola 
virus outbreak in Nigeria. For this reason, it is important to create a proactive 
hygiene and sanitation practice culture as supposed to a reactive approach. 
This approach may be achieved by utilising educational simulation, as was 
done in this study, with regular hygiene training and reminders as was done 
by O’Donoghue et al., (2016). 
It is the opinion of the researcher that Chiropractors, even though 
considered primary health care practitioners with the relevant training in 
microbiology and pathology, focus more on musculoskeletal problems and 
pathology which may lead to tunnel vision concerning other diseases. This 
may cause them to be less aware of general illnesses caused by 
microorganisms. The outbreak of COVID-19 received vast media coverage, 
thus serving as constant reminder about hygiene and sanitisation. This 
might have added to the increase in Distell™ usage, despite the decrease 
in patients visiting the UJ Chiropractic clinic as demonstrated in Figure 4.12.   
Even though participants know microorganisms can survive on their 
treatment tables, participants are unsure of their survival time as shown in 
Table 4.11. Before the simulation majority of the participants, 30.8%, 
believed that E.coli can survive on their treatment table surfaces for 2-7 
days, with 26.9% of participants that believed it can survive for 1-12 months.  
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As described in Table 2.1, E. coli can survive on surfaces for 16 months. 
According to the post-simulation questionnaire, majority of participants, 
50%, indicated they believed E. coli can survive on surfaces for 1-12 
months. This shows a 19.2% increase in participants for this category. 
Although participants still did not correctly identify the survival time of E. coli, 
they at least realised that the survival time is longer than what they initially 
believed.  
This realisation indicates that simulation, as in the case of this study, may 
influence the perception and knowledge of people. For this reason, 
simulation may serve as an effective educational tool with regards to 
hygiene perceptions. 
As part of general practice, interns within the UJ Chiropractic clinic use 
paper towels placed over the headrest of the Chiropractic treatment table. 
A paper towel is not effective in preventing the transfer of microorganisms 
and may actually contribute to the transfer of microorganisms as described 
by McCusky, et al., (2012).  
As depicted in Table 4.14 the realisation that the paper towel does not stop 
the spread of microorganisms showed a 42.4% increase, indicating that 
simulation may be effective in the education of microbial transfer and spread 
of disease. 
From the above results, it is demonstrated that the general perception of 
surface hygiene improved among the participants, which is seen in their 
hygiene practices. This indicates that simulation may be an effective 
educational tool to teach about hygiene and sanitisation, similarly, as 
demonstrated by various other studies (Mittal et al., 2011; Pan et al., 2014; 
Pope et al., 2014; Secomb et al., 2012). 
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5.2.3 GloGerm™ transfer 
As discussed in section 4.2.3 GloGerm™ was only applied to the thoraco-
abdominal area of the Chiropractic treatment tables. With this in mind, one 
expects the transfer of GloGerm™ to the patients' body regions that 
correspond to the regions of the Chiropractic treatment tables.  
Considering the spinal manipulation executed, as described in section 3.8, 
the following body regions of the patients came into direct contact with the 
Chiropractic treatment table segments coated with GloGerm™: chest, 
abdomen, upper back, lower back, posterior arm, posterior hand, buttock 
and one lateral thigh. This transfer can be considered primary transfer and 
occurred in 100% of the participants. 
It is important to note that none of the doctors’ body parts were supposed 
to come into direct contact with any segments of the Chiropractic treatment 
tables that was coated with GloGerm™, except for one of the doctor’s 
posterior arms, when considering the types of spinal manipulations 
executed as described in section 3.8. For this reason, transfer to any part 
of the doctor, except for one posterior arm and hand, can be considered 
secondary transfer. Secondary transfer to at least one body part of the 
participants acting as the doctor has occurred in 100% of participants.  
Tertiary transfer, although minimal, did occur. The areas considered as 
being tertiary transfer include: the head and face (15.4%) and the neck 
(7.7%) of the patients. These areas were not in any direct contact with any 
of the Chiropractic treatment table segments coated with GloGerm™, 
meaning transfer did not occur as a result of primary transfer. During the 
spinal manipulations, as described in section 3.8, the doctors touched the 
patients’ heads and necks, meaning the transfer should be from the doctors’ 
hands. Primary transfer was noted on 84.6% of the doctors’ posterior hands 
and secondary transfer on 64.5% of doctors’ anterior hands thus the source 
of tertiary transfer.  
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These results correlate with the findings of Ramsden et al, (2019) describing 
the four possible moments of transfer within the Chiropractic environment. 
This study verified that transfer may occur in any direction between the 
doctor, patient and Chiropractic treatment table, either directly or indirectly.  
The transfer area of Glogerm™ to the doctors from this study, correlates 
with the findings of Mutombo et al., (2020), who showed that microbial 
contamination on white clinic coats of Chiropractic interns mostly occur on 
the bottom surface of the coats (area of lower abdomen and groin) and the 
pockets of the coats. These are the areas with the closest proximity or most 
contact with the patients and doctor’s hands.  
This type of microbial transfer can be visualised by a simulation, as was 
done in this study. For this reason, such a simulation study may act as a 
practical, visual educational tool. The microbial transfer, as illustrated by this 
study as well as by Mutombo et al., (2020) confirms and strengthens the 
need for  a standardised disinfection protocols which will limit the spread of 
potential disease-causing microorganisms.  
5.2.4 Participant’s general feedback 
A general trend observed from participants’ feedback was that the 
simulation changed the way they think about hygiene. This perception 
change occurred as a result of being able to see transfer occur. The 
simulation made the invisible visible thus altering their perception and 
behavior when it comes to hygiene and sanitisation.  
5.3 Limitations of the study 
Limitations of this study included the following: 
1. As a study like this has not previously been done, this study served 
as a pilot for the questions within the pre-simulation survey and the 
post-simulation questionnaire.  
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2. As this study made use of a survey and questionnaire regarding a 
sensitive topic such as hygiene, the perception of participants might 
have been altered by the Hawthorne effect, even though all 
participants’ identities were kept anonymous.  
3. This study only used three types of Chiropractic spinal manipulations 
which may affect the transfer area. Only the thoraco-abdominal 
region of the Chiropractic treatment tables was coated with 
GloGerm™ which in itself limits the possible transfer. The transfer to 
the doctor and the patient might have been very different if all the 
Chiropractic treatment table segments were coated with GloGerm™.  
4. The transfer might have been different if the order of spinal 
manipulations were different. 
5. The length (body height) of participants may vary. This may lead to 
some participants’ body parts contacting the Chiropractic table 
segments that was coated with GloGerm™ where others may not. 
6. Chiropractic is taught in many countries. Various spinal manipulation 
techniques and philosophies exist and may differ from institution to 
institution. The spinal manipulation techniques used in this study 
were based on what is taught at the UJ Chiropractic department.  
7. Transfer was assessed by photographs and observation during the 
simulation but not recorded on a template during the simulation. Due 
to the overexposure and unequal distribution of the black light 
transfer recording was affected. 
5.4 Recommendations 
Recommendation for future studies include the following 
1. The pre-simulation survey and post-simulation questionnaire may be 
more specific. For example, the question may read: have you had 
any training on surface hygiene from UJ rather than "have you had 
any training on surface hygiene".  
2. Monitoring of Distell™ within the clinic might be done for a longer 
period with regular hygiene and sanitisation reminders. 
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3. Microbial sampling of the Chiropractic treatment table within the 
practical rooms might be done before and after such a simulation 
which may track the hygiene practices and disinfection techniques of 
participants in general. From this study, it seems that they were lax 
when it came to the treatment tables within the practical classroom. 
This might make them more aware of possible false preconceptions 
of their own personal hygiene.  
4. A practical demonstration of proper hygiene and sanitisation 
technique may be incorporated and monitored via microbial sampling 
of GloGerm ™ simulation.  
5. The order in which the Chiropractic spinal manipulation was 
performed may be changed to see if it will yield different transfer 
results. 
6. Different Chiropractic spinal manipulations may be used to monitor 
the transfer. 
7. Transfer can be compared between males and females as there 
might be a difference between setup and contact due to physical 
characteristics.  
8. The monitoring of transfer can be done by observation during the 
simulation and recorded on a template. This will eliminate the 
overexposure as observed during this study.   
9. Individual photographs should be taken to eliminate the unequal 
distribution of the black light. 
5.5 Conclusion 
In conclusion, this study showed that a simulation technique may be an 
effective educational tool in demonstrating the importance of hygiene and 
sanitisation thus supporting the “seeing is believing” concept. The results 
indicate that a simulation, used as an educational tool, does have the 
potential to alter a participant’s perception and understanding about 
hygiene, thus creating a proactive hygiene and sanitation practice culture 
as supposed to a reactive approach, which will combat the spread of  not 
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only communicable diseases and HCAI but also potential pandemics such 
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DEPARTMENT OF CHIROPRACTIC 







My name is Marlo Swanepoel I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a 
research study on testing the use of GloGerm™ as an educational tool to illustrate the 
importance of Chiropractic treatment table surface hygiene. 
 
Before you decide on whether to participate, I would like to explain to you why the 
research is being done and what it will involve for you. I will go through the information 
letter with you and answer any questions you have. This should take about 10 to 20 
minutes. The study is part of a research project being completed as a requirement for a 
Master’s Degree in Chiropractic through the University of Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to is to test the concept of “seeing is believing” when it 
comes to surface hygiene to illustrate and educate chiropractic students on the 
potential microbiological risk associated with poor Chiropractic treatment table surface 
hygiene. 
 
Below, I have compiled a set of questions and answers that I believe will assist you in 
understanding the relevant details of participation in this research study. Please read 
through these. If you have any further questions I will be happy to answer them for you. 
 
1. DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to 
participate in the study. I will describe the study and go through this information 
sheet. If you agree to take part, I will then ask you to sign a consent form.  
 
2. WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? You will be 
asked to sign this information form with the consent and permission to be 
photographed forms. During a PPC class you will be asked to complete a survey. A 
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screen test for possible adverse reaction will be done by placing a small amount of 
GloGerm™ on your wrist and observing any reaction for 5 minutes before the 
simulation will take place. You will then have to change into the T-shirt and short 
provided by me in order to protect your clothing from the GloGerm™ that will be 
applied to the Chiropractic treatment tables.  You will then either represent the 
“Chiropractic doctor” or the “patient” during a simulation, showing microbial 
transfer. If you are the “doctor” you will need to setup you patient for three 
manipulations namely: Anterior thoracic, Thigh-ilio-deltoid and bench. If you are the 
“patient” you will have to allow the “Doctor” to set you up for the above mentioned 
manipulations. Please note it will only be a set up. No manipulations will be done. 
After all three setups are performed I will switch on black lights to show you where 
the GloGerm™ transferred to. I will then take a picture of you from the front and the 
back which will be used as data for my research. Your face will be blurred out to 
protect your identity. I will then request that you complete a questionnaire 21 days 
after the simulation. 
 
3. APPROXIMATELY HOW LONG WILL MY PARTICIPATION TAKE? Your participation 
will take approximately 3 hours, which will take place during your normal scheduled 
PPC class. 
 
4. WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to 
participate, you are free to withdraw your consent at any time without giving a 
reason and without any consequences. If you wish to withdraw your consent, you 
should inform me as soon as possible. 
 
5. ARE THERE ANY OTHER POSSIBLE REASONS WHY MY PARTICIPATION MIGHT BE 
STOPPED? It may happen that, due to your health, skin condition, skin irritation 
caused by the  GloGerm™ or other treatments that you may receive or for safety 
reasons, I will need to stop your participation in this research. I will discuss this with 
you beforehand if it becomes necessary. 
 
6. IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR 
PAYMENT DUE TO ME? You will not be paid to take part in this study and you will 
not bear any costs either 
 
7. IF I CHOOSE TO PARTICIPATE, WHAT ARE THE RISKS INVOLVED? In rare 
circumstances allergic reactions to GloGerm™ may occur. A screen test for possible 
adverse reaction will be done by placing a small amount of GloGerm™ on your wrist 
and observing any reaction for 5 minutes before the simulation will take place. We 
will be making use of the Chauve DJ CorePar™ UV USB black light. This is a similar 
black light used in many night clubs. The wave length of this light is 390nm - 400nm. 
Prolonged exposure to such a light might cause skin burns, cell DNA damage and 
damage to the eye. For this reason students will not be exposed to the light for long 
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period. Protective eye wear will be supplied as an added safety measure. The setup 
of the manipulations might lead to stiffness.  
 
8. IF I CHOOSE TO PARTICIPATE, WHAT ARE THE BENEFITS INVOLVED? The data from 
this study will be utilized to form an educational video on the routes of microbial 
contamination during a consultation. This will then be used to educate health care 
students and/or professionals as to the importance of hygiene within the healthcare 
profession. Your face will be blurred out from any photographs that will be taken by 
me thus insuring full anonymity for all data obtained from you.  
 
9. WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? All reasonable 
efforts will be made to keep your personal information confidential and respect your 
right to privacy. This includes replacing your identifying personal information with a 
number that only my research supervisor will know. You will not be identified in any 
research reports that are published. Under some circumstances, such as when 
required to do so by a court of law, I may have to disclose your personal 
information. In addition, it may happen that your information will need to be 
reviewed by another organisation for quality assurance purposes. I will tell you 
about this if it happens.  
10. WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be 
written into a research report that will be assessed. In some cases, results may also 
be published in a scientific journal. In either case, you will not be identifiable in any 
documents, reports or publications. You will be given access to the results of this if 
you would like to see them, by contacting me.  
 
11. WHAT WILL YOUR RESPONSIBILITIES BE, AS THE RESEARCHER? I will ensure that 
you are well informed before the start of the simulation. I will ensure proper setup 
of the PPC class room before the time. I will be the one presenting the presentation, 
taking the photos under black light and writing up of the results. I will ensure your 
confidentiality. I will be available to you should you have any concerns or questions 
throughout the simulation and write up. You are more than welcome to contact me 
should anything arise. 
 
12. WHO IS ORGANISING AND FUNDING THIS RESEARCH STUDY? The study is being 
organised by me, under the guidance of my research supervisor at the Department 
of Chiropractic and the Water and Health Research Centre in the University of 
Johannesburg. This study has received funding from the Water and Health Research 
Centre. 
 
13. WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed 
to start, it was reviewed in order to protect your interests. This review was done 
first by the Department of Chiropractic, and then secondly by the Faculty of Health 
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Sciences Research Ethics Committee at the University of Johannesburg. In both 
cases, the study was approved. 
 
 
14. WHAT HAPPENS IF I GET INJURED DURING THE STUDY? This research is not covered 
by the institutional insurance. In the event of an injury, you will be referred to the 
necessary medical professional however, this will be at your own cost 
 
15. ARE THERE ANY CONFLICT OF INTERESTS PERTAINING TO THIS STUDY? There are 
no conflict of interests held by anyone involved in this study. 
 
16. WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this 
research study, its procedures or risks and benefits, you should ask me. You should 
contact me at any time if you feel you have any concerns about being a part of this 
study. My contact details are:  
 
Marlo Swanepoel 
072 118 4514 
marloswanepoel@gmail.com 
 
You may also contact my research supervisor: 




Dr. F. Ismail 
fismail@uj.ac.za 
OR 
Dr. A. Singh 
asingh@uj.ac.za 
 
If you feel that any questions or complaints regarding your participation in this study 
have not been dealt with adequately, you may contact the Chairperson of the Faculty of 
Health Sciences Research Ethics Committee at the University of Johannesburg: 
 
Prof. Christopher Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za  
 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more 
specific information about this research project information, have any questions, 
concerns or complaints about this research study, its procedures, risks and benefits, you 
















DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
REC 11.0 
 
Testing the use of GloGerm™ as an educational tool to illustrate the importance of 
Chiropractic treatment table surface hygiene 
 
Please initial each box below: 
 
 
       I confirm that I have read and understand the information letter dated 
September 2019 for the above study. I have had the opportunity to consider the 
information, ask questions and have had these answered satisfactorily. 
 
 
                    I understand that my participation is voluntary and that I am free to 
withdraw from this study at any time without giving any reason and without any 
consequences to me. 
 
 




_________________       ___________________________               ________________ 
Name of Participant        Signature of Participant  Date 
 
 
_______________________      _______________________            _______________ 










DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM TO BE PHOTOGRAPHED 
 
Testing the use of GloGerm™ as an Educational Tool to Illustrate the 
Importance of Chiropractic Treatment table Surface Hygiene  
 









I understand that my personal details and identifying data will be changed 
and that my face will be blurred out in order to protect my identity for any 
publication of any nature. The photograph used will be destroyed two years 




             Photo may be used for future presentations. 
 
 












Signature of Participant        Signature of Researcher       Date 
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APPENDIX G: PRE-SIMULATION SURVEY 
Chiropractic surface hygiene pre-intervention survey 
Participant nr _______________ 
Please answer the questions below by indicating your choice using a X. 
Demographics 
1. Are you male of female? 
Male  Female  














1) Educational background 
1.1 Have you received any training in microbiology? 
Yes  No  Not 
sure 
 
1.2 Have you received any training in infection control and prevention? 
Yes  No  Not 
sure 
 
1.3 Have you received any training on surface hygiene? 





1.4 Have you been trained on how to clean your treatment table? 
Yes  No  Not 
sure 
 
2) Perceptions on surface hygiene 
2.1 Do you think it is important to clean your treatment tables? 
Yes  No  Not 
sure 
 
2.2 Do you think that pathogens (bacteria, viruses and fungi can survive 
on your treatment table? 
Yes  No  Not 
sure 
 
2.3 If you answered yes, how long do you think can the following survive 




















    
Enterococcus spp.      
Klebsiella spp.      
Acinetobacter spp.      
Clostridium difficile      
Fungi and Yeast      




    
Torulopsis glabrata      
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Virus      
Influenza virus      
Parainfluenza virus      
Norovirus      
Hepatitis B virus      
2.4 How often do you think the treatment tables should be cleaned? 
Once a 
week 
 Once a 
day 





2.5 What do you think the treatment table should be cleaned with? (May 







 Disinfectant  
2.6 Do you think the paper towel should be used for the headrest? 
Yes  No  Not 
sure 
 
2.7 Do you think the paper towel can stop the transfer of pathogens 
(bacteria, viruses and fungi)? 




3.1 Do you ever clean your treatment table used in class? 
Yes  No  Not 
sure 
 
3.2 If you answered yes, what do you clean it with? (May choose more 







 Disinfectant  
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3.3 Do you think that you will clean your treatment tables once you start 
your internship year? 
Yes  No  Not 
sure 
 
3.4 Do you think you will be trained on how to clean your treatment table? 
Yes  No  Not 
sure 
 
3.5 Do you think you or your patient can get an infection from your 
treatment table? 
Yes  No  Not 
sure 
 
3.6 Do you think that you or your patient can carry over microorganisms, 
which can cause infection, to your treatment tables? 









APPENDIX H: POST-SIMULATION QUESTIONNAIRE 
Chiropractic surface hygiene post-intervention questionnaire 
Participant nr _______________ 
Please answer the questions below by indicating your choice using an X or 
using the area provided. 
Based on the experiment you participated in, what is your opinion on the 
following now: 
1) Education 
1.1 If you received microbiology training, do you believe the course 
taught you about disease causing microorganisms and how they spread? 
Yes  No  Not 
sure 
 
1.2 If you have received any training on infection control and prevention, 
do you think your training explained your role in the spread of disease? 
Yes  No  Not 
sure 
 
1.3 Do you think it is important that future classes receive training on 
surface hygiene? 
Yes  No  Not 
sure 
 
1.4 Do you think training on cleaning your treatment table is important 
and needed? 






2.1 After what you have learned, do you think it is important to clean your 
treatment tables? 
Yes  No  Not 
sure 
 
2.2 Do you think that pathogens (bacteria, viruses and fungi) can survive 
on your treatment table? 
Yes  No  Not 
sure 
 
2.3 If you answered yes, how long do you think can the following survive on 




















    
Enterococcus spp.      
Klebsiella spp.      
Acinetobacter spp.      
Clostridium difficile      
Fungi and Yeast      




    
Torulopsis glabrata      
Virus      
Influenza virus      
Parainfluenza virus      
Norovirus      
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Hepatitis B virus      
 
2.4 Based on what you have learned, how often do you think the 
treatment tables should be cleaned? 
Once a 
week 
 Once a 
day 





2.5 Based on what you learned, what do you think the treatment table 







 Disinfectant  
2.6 Do you think the paper towel should be used for the headrest? 
Yes  No  Not 
sure 
 
2.7 Do you think the paper towel can stop the transfer of bacteria, viruses 
and fungi? 




3.1 Do you think you should start cleaning the treatment tables used in 
class? 
Yes  No  Not 
sure 
 
3.2 If you answered yes, what do you clean it with? (May choose more 







 Disinfectant  
97 
 
3.3 Do you think that you will clean your treatment tables once you start 
your internship year? 
Yes  No  Not 
sure 
 
3.4 Do you think you will be trained on how to clean your treatment table? 
Yes  No  Not 
sure 
 
3.5 Do you think you or your patient can get an infection from your 
treatment table? 
Yes  No  Not 
sure 
 
3.6 Do you think that you or your patient can carry over microorganisms, 
which can cause infection, to your treatment tables? 




4) Educational Intervention 
4.1 Do you think the training you received help you understand the 
transfer of microorganisms in a chiropractic clinic? 
Yes  No  Not 
sure 
 
4.2  If you have answered yes to 4.1 was there something specific about 






































APPENDIX I: PERMISSION TO PERFORM RESEARCH ON UJ 
CAMPUS AND CHIROPRACTIC INTERNS 
 
Dear Dr Nonkwelo;  
 
My name is Marlo Swanepoel, I am currently completing my master’s 
degree in Chiropractic. I am a final year student in the process of 
completing my dissertation, which is a requirement of my degree. In order 
to do this I will need to conduct a research study, which will involve the 
participation of students at the University of Johannesburg, Doornfontein 
campus.  
 
My research topic is: Testing the use of GloGermTM as an educational tool 
to illustrate the importance of surface hygiene in the Chiropractic 
profession 
 
I am writing this email to request your permission to undertake research at 
the University of Johannesburg Doornfontein campus, and for students 




Kind Regards,  
Marlo Swanepoel 
200574979 
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DEPARTMENT OF CHIROPRACTIC 





Dear Dr. Yelverton 
 
My name is Marlo Swanepoel, I am currently completing my master’s degree in 
Chiropractic. I am a final year student in the process of completing my dissertation, 
which is a requirement of my degree. In order to do this I will need to conduct a 
research study, which will involve the participation of students at the University of 
Johannesburg, Doornfontein campus.  
 
MY RESEARCH TOPIC is: Testing the use of GloGermTM as an educational tool to 
illustrate the importance of Chiropractic treatment table surface hygiene 
 
I am writing to you, to request your permission to undertake research at the University 
of Johannesburg Doornfontein campus, and for students currently in their fourth year of 
Chiropractic studies to partake in my research. 
 
 
THE PURPOSE OF THIS STUDY is to is to test the concept of “seeing is believing” when it 
comes to surface hygiene to illustrate and educate chiropractic students on the 
potential microbiological risk associated with poor Chiropractic treatment table surface 
hygiene. 
 
Below, I have compiled a set of questions and answers that I believe will assist you in 
understanding the relevant details of this research study. Please read through these. If 
you have any further questions I will be happy to answer them for you. 
 
17. DO STUDENTS HAVE TO TAKE PART? No, they don’t have to. It is up to them to 
decide to participate in the study. I will describe the study and go through this 
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information sheet. If they agree to take part, I will then ask them to sign a consent 
form.  
 
18. WHAT EXACTLY WILL THEY BE EXPECTED TO DO IF THEY AGREE TO PARTICIPATE? 
They will be asked to sign an information form with the consent and permission to 
be photographed forms. During a PPC class they will be asked to complete a survey. 
A screen test for possible adverse reaction will be done by placing a small amount of 
GloGerm™ on their wrist and observing any reaction for 5 minutes before the 
simulation will take place. They will then have to change into the T-shirt and short 
provided by me in order to protect their clothing from the GloGerm™ that will be 
applied to the Chiropractic treatment tables.  They will then either represent the 
“Chiropractic doctor” or the “patient” during a simulation, showing microbial 
transfer. If they are the “doctor” they need to setup up their patient for three 
manipulations namely: Anterior thoracic, Thigh-ilio-deltoid and bench. If they are 
the “patient” they will have to allow the “Doctor” to set them up for the above 
mentioned manipulations. Please note it will only be a set up. No manipulations will 
be done. After all three setups were performed I will switch on black lights to show 
them where the GloGerm™ transferred to. . I will then take a picture of each 
participant from the front and the back which will be used as data for my research. 
Their faces will be blurred out to protect their confidentiality. I will then request that 
they complete a questionnaire 21 days after the simulation. 
 
19. APPROXIMATELY HOW LONG WILL THEIR PARTICIPATION TAKE? Their participation 
will take approximately 3 hours, which will take place to be during their normal 
scheduled PPC class. 
 
20. WHAT WILL HAPPEN IF THEY WANT TO WITHDRAW FROM THE STUDY? If they 
decide to participate, they are free to withdraw their consent at any time without 
giving a reason and without any consequences. If they wish to withdraw their 
consent, they should inform me as soon as possible. 
 
21. ARE THERE ANY OTHER POSSIBLE REASONS WHY THEIR PARTICIPATION MIGHT BE 
STOPPED? It may happen that, due to their health, skin conditions, skin irritation 
cause by the GloGerm™ or other treatments that they may receive or for safety 
reasons, I will need to stop their participation in this research. I will discuss this with 
them beforehand if it becomes necessary. 
 
22. IF THEY CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR THEM, OR 
PAYMENT DUE TO THEM? They will not be paid to take part in this study and they 
will not bear any costs either 
 
23. IF I CHOOSE TO PARTICIPATE, WHAT ARE THE RISKS INVOLVED? Post manipulation 
stiffness may occur. This is a normal response. They will however only be set up for a 
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manipulation. In rare circumstances allergic reactions to GloGerm™ may occur. A 
screen test for possible adverse reaction will be done by placing a small amount of 
GloGerm™ on their wrist and observing any reaction for 5 minutes before the 
simulation will take place. 
 
24. IF THEY CHOOSE TO PARTICIPATE, WHAT ARE THE BENEFITS INVOLVED? The data 
from this study will be utilized to form an educational video on the routes of 
microbial contamination during a consultation. This will then be used to educate 
health care students and/or professionals as to the importance of hygiene within 
the healthcare profession. Their faces will be blurred out from any photographs that 
will be taken by me thus insuring full anonymity for all data obtained from them. 
 
25. WILL THEIR PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? All reasonable 
efforts will be made to keep their personal information confidential and respect 
their right to privacy. This includes replacing their identifying personal information 
with a number that only my research supervisor will know. They will not be 
identified in any research reports that are published. Under some circumstances, 
such as when required to do so by a court of law, I may have to disclose their 
personal information. In addition, it may happen that their information will need to 
be reviewed by another organisation for quality assurance purposes. I will tell them 
about this if it happens.  
 
As a part of the study, they will be required to be photographed, however their faces will 
be blurred out to protect their identity. These photos will be available for further 
educational publishing on various platforms.  
 
26. WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be 
written into a research report that will be assessed. In some cases, results may also 
be published in a scientific journal. In either case, they will not be identifiable in any 
documents, reports or publications. They will be given access to the results of this if 
they would like to see them, by contacting me.  
 
27. WHAT WILL MY RESPONSIBILITIES BE, AS THE RESEARCHER? I will ensure that they 
are well informed before the start of the simulation. I will ensure proper setup of 
the PPC class room before the time. I will be the one presenting the presention, 
taking the photos under black light and writing up of the results. I will be available to 
them should they have any concerns or questions throughout the simulation and 
write up. They are more than welcome to contact me should anything arise. 
 
28. WHO IS ORGANISING AND FUNDING THIS RESEARCH STUDY? The study is being 
organised by me, under the guidance of my research supervisor at the Department 
of Chiropractic and the Water and Health Research Centre in the University of 
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Johannesburg. This study has received funding from the Water and Health Research 
Centre. 
 
29. WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study will be 
allowed to start, it must be reviewed in order to protect participant’s interests. This 
review will be done first by the Department of Chiropractic, and then secondly by 
the Faculty of Health Sciences Research Ethics Committee at the University of 
Johannesburg. In both cases, the study must first be approved. 
 
30. WHAT HAPPENS IF THEY GET INJURED DURING THE STUDY? This research is not 
covered by the institutional insurance. 
 
31. ARE THERE ANYS CONFLICT OF INTERESTS PERTAINING TO THIS STUDY? There are 
no conflict of interests held by anyone involved in this study. 
 
32. WHAT IF THERE IS A PROBLEM? If they have any concerns or complaints about this 
research study, its procedures or risks and benefits, they should ask me. They should 
contact me at any time if they feel they have any concerns about being a part of this 
study. My contact details are:  
 
Marlo Swanepoel 
072 118 4514 
marloswanepoel@gmail.com 
 
They may also contact my research supervisor: 
Prof.  T.G. Barnard 
tgbarnard@uj.ac.za 
OR 
Dr. F. Ismail 
fismail@uj.ac.za 
OR 
Dr. A. Singh 
asingh@uj.ac.za 
 
If they feel that any questions or complaints regarding their participation in this study 
have not been dealt with adequately, they may contact the Chairperson of the Faculty of 
Health Sciences Research Ethics Committee at the University of Johannesburg: 
 
Prof. Christopher Stein 
Tel: 011 559-6564 




FURTHER INFORMATION AND CONTACT DETAILS: Should they wish to have more 
specific information about this research project information, have any questions, 
concerns or complaints about this research study, its procedures, risks and benefits, 












DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
REC 11.0 
 
Testing the use of GloGerm™ as an educational tool to illustrate the importance of 
Chiropractic treatment table surface hygiene 
 
Please initial each box below: 
 
 
       I confirm that I have read and understand the information letter dated 
September 2019 for the above study. I have had the opportunity to consider the 




            I hereby give my consent that the researcher may conduct the above entitled 
study with the participation of Chiropractic students currently in their 4th Year of 
Chiropractic studies during 2019, at the University of Johannesburg, Doornfontein 





 ___________________________________  ________________ 



























APPENDIX L: PATHOGENS IDENTIFIED ON CHIROPRACTIC TREATMENT TABLES 
The infection, colonisation, and transmission of Gram-negative bacteria previously cultured from Chiropractic treatment tables 
(Kingham et al., 2019) 
Name Sites of Colonisation 
 
Modes of Transmission - 
(Source of Exposure) 
Types of Infections References 
Acinetobacter 
lwoffii  
Human skin (also 
cognised to be part of 
normal flora of the 
oropharynx) 
Indirect Contact (Fomites (ie: 
catheters)/Environmental Surfaces) / 
Direct contact(transient 
colonisation of the hands of health-
care 
workers) / Vehicle (food-borne, 
nosocomial spread 
by aerosolized bacteria from an 





acute gastroenteritis, liver 
abscess, septicaemia, and 
endocarditis 
Wong et al (2017); 
Ta, et al (2017) 
Brucella melitensis  Colonised mainly in goats 
and sheep, other less 
common animals are dogs, 
horses, and pigs. Mucous 
membranes in humans 
Indirect Contact 
(Fomite/Environmental Surfaces 
(ie: contaminated environmental 
devices while assisting in birth 
delivery) / Direct contact (Vertical 
and horizontal- person-to-person (ie; 
blood transfusions, bone marrow 
transplants, sexual  
intercourse), animal-to-person) / 
Vehicle (food (ie. Unpasteurised 




infections; Brucellosis   
Vigeant, et al. 
(1995); The 
Centre for Food 
Security 
and Public Health, 
(2018) 
Methylobacterium       Soil, sewage, water and 
Plants (leaf surfaces).  
Human colonisation sites 
Indirect Contact (Fomites (ie: 
catheters and endoscopes - 
because methylobacterium are 
Nosocomial and 
community-acquired 
Infections:  bacteraemia  
and peritonitis 





Name Sites of Colonisation 
 
Modes of Transmission - 
(Source of Exposure) 
Types of Infections References 
include: blood, bone 
marrow, 
sputum, pleural effusion, 
peritoneal fluid,  
cerebrospinal fluid, 
synovium, and skin)  
 
major inhabitants of aqueous 
environments, these devices 
usually get contaminated with 
contaminated tap water when being 







water and intestines of 
humans and animals 
Indirect Contact 
(Fomite/Environmental) / Direct 
contact (Vertical and horizontal - 
person-to-person (poor hand 
sanitisation practices), animal-
person (ie: petting zoos) / Vehicle 
(contaminated food or water with 
animal/human faeces (ie: 
unpasteurised dairy products and 
apple cider, undercooked 






illness due to 6 different 
pathotypes: Shiga 
toxin-producing E.coli 





Enteroaggregative E. coli 
(EAEC), Enteroinvasive E. 
coli (EIEC), diffusely 







paucimobilis        
Soil, drinking water, and 
plants. Hospital equipment 
such as ventilators 
Indirect Contact (Fomites (ie: 
catheters, ventilators, intravenous 
medications, and haemodialysis 
machines) / Vehicle (water) 
Nosocomial Infections: 
Bacteraemia 




Soil and rhizosphere. 
Human colonisation sites 
include: mouth, 









Name Sites of Colonisation 
 
Modes of Transmission - 
(Source of Exposure) 
Types of Infections References 
gastrointestinal, respiratory 
and blood.  
intravenous medications ) / Direct 





The infection, colonisation, and transmission of Gram-positive bacteria previously cultured from Chiropractic treatment tables 
(Kingham et al., 2019; Perdijk et al., 2017) 
Name Sites of Colonisation Modes of Transmission 
(Source of Exposure) 




Hospital Environments and 
Airborne. Human skin, 
respiratory and urinary tract. 
Indirect Contact -
(Fomites/Environmental 
Surfaces) /  Vehicle -
(nosocomial spread by 
aerosolized bacteria) 
Nosocomial Infections: Urinary tract infection (UTI), Endocarditis, 
Osteomyelitis, pyomyositis, and Bacteraemia. 







Colonised mainly in the 
female vagina and distal  
urethra of the males 
genital tract 
Indirect Contact - (Fomite/ 
Hospital Environmental  
Surfaces)/ Direct contact - 
(Vertical (ie: during birth) and 
horizontal (sexually 
transmitted) 
Nosocomial and community-acquired infection: Sexually Transmitted 
Infection, Septic-Articular infections (post-surgical) and bacteraemia 
Catlin, (1992) / 
Muzny et al 
(2014) 
Kocuria rosea 
(KR)               
 
Environments/fomites, 
skin and mucous membranes 
of humans 
and animals (growing in 
variable conditions as 
acidophiles, alkaliphiles,  
halophiles, and thermophiles) 
Indirect Contact - (Fomite-
most commonly medical 
devices) 
Nosocomial and community-acquired Infections: Peritonitis, urinary tract 
infections, cholecystitis, catheter-associated bacteraemia, dacryocystitis, 
canaliculitis, keratitis, native valve endocarditis, descending necrotizing 
mediastinitis, brain abscess and meningitis. KR is non-pathogenic however 
in immunocompromised individuals becomes pathogenic. 
Dotis et a; 







hominis        
 
Fomites (Hospital  
equipment) 
 
Indirect Contact - (Fomite (ie: 
catheters,  ventilators, 
intravenous devices) 
Nosocomial and community-acquired 
Infections: bacteraemia, septicaemia, and endocarditis become pathogenic 





aureus         
Environments/fomites, skin 
and mucous membranes of 
humans (most common 
site of colonisation is the nasal 
mucosa) 
Indirect Contact - (Fomites)/ 
Direct Contact -  (person-to-
person) 
Nosocomial and community-acquired Infections: bacteraemia, infective 
endocarditis, skin and soft tissue infections (ie: impetigo, folliculitis, 
furuncles, carbuncles, cellulitis, scalded skin syndrome, osteomyelitis, 
septic arthritis, prosthetic device infections, pulmonary infections (ie: 
pneumonia and empyema), gastroenteritis, meningitis, toxic shock 






The infection, colonisation, and transmission of fungi previously cultured from 
Chiropractic treatment tables (Kingham et al., 2019; Perdijk et al., 2017) 
Name 
 









References   
Aspergillus 
flavus   
 
Direct/Indirect 
Contact -  
(Fomites/Environment
al Surfaces/other 
infected humans)      
 
Vehicle - (spread by 
aerosolized fungi or  



































































































Mycoses   
Mucormycosis 
 




















References   
Rhizopus  
stolnifer    
 
Rhizopus 
Oryzae   
Ulocldium 
botrytis   
Cutaneous 
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